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DIGITAL PROGRAM FOR SOLVING THE LINEAR STOCHASTIC OPTIMAL
CONTROL AND ESTIMATION PROBLEM
by Lucifle C. Geyser and Bruce Lehtinen

Lewis Research Center

SUMMARY

This report describes a computer program, LSOCE, which solves the linear
stochastic optimal control and estimation (LSOCE) problem. The LSOCE problem is
defined as that of designing controls for a linear time-invariant system which is dis-
turbed by white noise in such a way as to minimize a performance index which is qua -
dratic in state and control variables. In order to do so, the controls must use system
measurements which are corrupted by white noise.

The LSOCE problem and solution are outlined; brief descriptions are given of the
solution algorithms; and complete descriptions of each subroutine, including usage in-
formation and digital listings, are provided. The major subroutine solves the algebraic
matrix Riccati equation by using an eigenvector method. Other major subroutines prd-
vided are a Lyapunov equation subroutine, an eigenvalue subroutine, an eigenvector
subroutine, and a subroutine for solving the matrix Riccati differential équa.tion. Pro-
gram LSOCE is designed so that the user has options to solve all or part of the LSOCE
prablem, A test case for LSOCE (for the option which uses all parts of the program)
is included, as well as information on the IBM 7090-7094 DCS time and storage re-
quirements, :

INTRODUCTION

Over the past few years, there have been great interest and activity in the area of
computer-aided design of control systems. This report documents a computer pro-
gram which has been used at the Lewis Research Center for designing optimal controls
for linear systems that are subject to random disturbances and that have measurements
corrupted by noise. This program has been applied in designing contro] systems for
supersonic inlets (refs, 1 and 2). It solves the linear stochastic opfimal control and



estimation (LSOCE) problem, The LSOCE problem is defined as that of designing con-
trols for a linear time-invariant system which is disturbed by white noise in such a way
as to minimize a quadratic performance index. In order to do so, the controls must use
system measurements which are corrupted by white noise. The FORTRAN subroutines
described in this report either are modifications of or improvements on subroutines
available at present, or are implementations of published algorithms which are not now
available as computer programs. '

The linear stochastic optimal control and estimation problem is presented in Bryson
and Ho (ref. 3) and is summarized in this report {see the section THEORETICAL BACK-
GROUND). The solution to the LSOCE problem is a Kalman filter, which estimates the
system states, coupled through a set of optimal regulator gains to produce the desired
control signal, The key to solving the LSOCE problem is the solution of the matrix
Riccati differential equation. This equation occurs in solving for both the finite-time op-
timal linear regulator gains and the finite-time optimal linear estimator {(Kalman filter)
gains. An important special case is the infinite-time LSOCE problem, in which the
main equations to be solved use algebraic (steady state) matrix Riccati equations.

Techniques for solving the Riccati differential equation include direct numerical in-
tegration, Kalman and Englar's Automatic Synthesis Program (ASP) described in refer-
ence 4, the GASP program of Freested, Webber, and Bass (ref. 5), and Vaughan's nega-
tive exponential method (ref. 6). Attention has also been given to solving the -algebraic
Riccati equation, most notably by Kleinman (vef. '7), Greenberg and Bard (ref. 8), and
Fath (ref. 9). The approach taken in this report for solving both the differential and al-
gebraic equations is a combination of Fath's and Vaughan's methods, both of which are
extensions of the so-called eigenvector method first discussed by MacFarlane (ref. 10),
O'Donnell (ref. 11), and Potter (ref. 12). In practice, the solution of the algebraic
equation is used in cbtaining the solution to the differential equation,

For the infinite-time LSOCE problem, it ig of interest to compute system -
covariance matrices so as to evaluate system mean-square behavior. This computation
requires solution of a Lyapunov matrix equation, Mean-square hehavior can be com-
puted for the finite-time LSOCE problem; however, because of computer storage limi-
tations, it was decided to include only computations for the infinite-time case, Solutions
to the Lyapunov equation have been developed by such authors as Chen and Shieh (ref. 13}
and Smith (ref. 14), The technique adopted in this program is that of Chen and Shieh,
which requires the solution of a set of linear equations,

Program LSOCE was written so as to handle systems of any order and is restrlctt’:‘d

only by computer storage size and accuracy. In particular, maximum dimensions for
system state, control, disturbance, and measurement vectors were selected to be 12, 5,
5, and 5, respectively, These dimensions were chosen so that the prog;ram' would fit on
an IBM 7090-7094 computer (32(1001 0 storage locations) without overlay. These dimen-



sions can, of course, be changed if the user should want to run larger problems, pro-
vided that the computer being used has sufficient storage. It should be noted that solu-
tion accuracy will be a direct function of system state dimension and also computer word
length.

The report is organized as follows: First, the theoretical background for program
LSOCE is presented, Then a general description of program LSOCE is given, including
a flow chart of the subroutines used; followed by the inputs, outputs, and options; and
then individual descriptions of each subroutine, including FORTRAN listings. Appen-
dix A lists the symbois used. Appendix B gives descriptions and listings for a sample
problem. Appendix C tabulates the time and storage requirements for the sample prob-
lem.

THEORETICAL BACKGROUND

First, the formulation of and solution to the finite-time linear stochastic optimal
control and estimation (LSOCE) problem is presented, The formulation used follows
that of Bryson and Ho (ref. 3, p. 414), The infinite-time LSOCE problem is then de-
fined, the calculation of mean-square values is described, and various options which the
LSOCE program provides to the user are detailed.

FINITE ~-TIME LSOCE PROBLEM

The finite-time LSOCE problem is defined here as follows: Given the linear time-
invariant system

x(t) = Ax(t) + Bu(t) + w(t) (1)
z(t) = Hx(t) + v(t) | (2)

where

X an n-dimensional state vector

u a c-dimensional conirol vector

Zz an m-dimensional measurement vector

w an n-dimensional, white, zero-mean, Gaussian, plant-noise vector

v  an m-dimengional, white, zero-mean, Gaussian, measurement-noise vector

A an n-by-n system matrix



B an n-by-c control input matrix
H an m-by-n measurement matrix

(All symbols are defined in appendix A.) Noises w and v are assumed to be uncor-
related with each other and to have covariance matrices given by

Efw(tw (t + 7)] = Q5(7) (3)

E[v(t)v(t + 7)] = R6(7) (4)

where @ is a symmetric, positive-semidetinite, plant-noise, power spectral density
matrix and R is a symmetric, positive-definite, measurement-noise, power spectral
density matrix, Further, it is assumed that all matrices are constant and known, that
the pair (A,B) is controllable, and that the pair (A, H) is observable. Also, the initial
state is assumed to be a zero-mean random variable with a known covariance,

E[x(to)xT(tO)] =P, (5)

Given a set of measurements 2(r) for to < r =1, find a control u asa functional
of z(7) which minimizes the quadratic performance index

te

7 =E[E 5T ()8xty) + & (XTQ x + 2xT Nu + ulP u) dt (6)
9 9 ; C C
0

Weighting matrix Pc is positive-definite and matrices Qc and N are such that
(Q e NPEINT is positive-semidefinite.

It has been found that a large number of practical control problems can be formu-
lated in the manner just described. The solution to this problem is well known (see
ref. 3 for a derivation of a somewhat more general case). The control which mini-
mizes J is given by

u(t) = K (DX(t) (7)

where X(t) is the optimal estimate of x(t). Estimate X(t) is a dynamic function of mea-
surement vector z(t) and is generated as the output of a Kalman filter, described by



x(t) = AX(t) + Bu(t) + K ([z(t) - Hx(t)] (8)
The optimal control-gain matrix K c(1:) is given by

K (t) = p;l (BTS(t) + NT) C(9)

where S(t) is the (positive-definite, symmetric) solution to the Riccati differential
equation

S(t) = S(t)(A - BP(_:lNT) + (A _ BP ‘;INT)TS(t)

- S(t)(BPElBT> S(t) + (Q .- NPEINT) (10)
with the boundary condition S(tf) = 8;. The Kalman-filter-gain matrix X o(t) is given by
K (t) = P(HTR ] ' (11)

where P(t) is the covariance of X - X, the error in the estimate, and is found as the
{positive -definite, symmetric) solution to the Riccati differential equation

P(t) = AP(t) + P(DAT - POHTR 1HP() + Q (12)

with the initial condition P(to) =Py,

The combination of the plant, Kalman filter, and state-estimate feedback gains is
shown in figure 1. The filfer can be viewed as a model of the plant which has been modi-
fied by insertion of a signal proportional to the difference between the measurement z
and the estimated measurement z. This difference is multiplied by Kalman filter gains
K e and inserted into the plant model at the input t?. the integrators. The optimal con-
trol u is formed by multiplying the filter output x by contrel gains K ¢

The finite-time control gains K c(t) are computed off-line by first solving equa-
tion (10) backwards in time from t=t; to t=t,, starting with S(tf) = S(f) to obtain
S(t). Then K c(t) values are computed by using equation (9). Similarly, finite-time fil-
ter gains are computed off -line by solving equation (12) forwards in time from t= t0 to
t = t;, siarting with P(ty) =P to obtain P({t). Then K e(t) values are computed by

0
using equation (11).



INFINITE-TIME LSOCE PROBLEM

A case of particular interest is the solution to the infinite-time LSOCE problem,
In this case, gains K and K are constant, resulting in a control which is much
simpler to implement than the f1n1te -time solution. If the finaltime t. is allowed tobe
infinite, the solution to the Riccati equation (10) (and hence the control gains eq. (9))
gettles out and becomes constant throughout the period t0 =t <KL tf «_, This constant
value can be computed by solving an algebraic Riccati equation

S(A -BP;INT) (A BP;IN T) S - S(BP 1z ) (Q NP'lNT) -0 (13)

which is obtained from equation (10} by letting S = 0. Similarly, the constant-Kalman-
filter-gain solution results if the final time is infinite, where the behavior of the filter
in the region near t= t0 is not of major interest. The solution to the Riccati equa-
tion (12) will settle out to a constant value for t0 <<t= tf. This constant value can be
computed by solving an algebraic Riccati equation

AP+ PAT - pEHTR IH)P+Q =0 (14)

which is obtained from equation (12) by setting P=0. Thus, the infinite-time (control
“and filter) solution is the exact solution for the time period of interest, ty <<t << te==o.
Performance index J of equation (6) can be examined now where tf -, By inter-
changing the integration and expected-value operations, J can be written

t
i

_1.[LT 1 T |

I=2 E[x (tf)Sfx(tf)] . E[x Qux + 2x

to

T Nu + uTPcu]dt (15)

The integrand becomes constant as t — tf for large tf. As tf - = it can be seen that
the major contribution to J will come from integrating this constant value. Thus, to
minimize J, the integrand must be minimized. This leads us to define a new perform-
ance index

T

J = E[XTQCX +2x° Nu+ uTPcu] {16)

which will be minimized by a control system with constant Kc and Ke matrices. Thus,
in summary, the infinite-time problem can be formulated as follows: Obtain a control u

6



to minimize J* of equation {16), given a system described by equations (1) to (4). The
solution is obtained by solving equations (9), (11), (13), and (14). h

MEAN-SQUARE BEHAVIOR

s

For the infinite-time case, it is of interest to compute various system-covariance
matrices and mean-square values by which to judge the control system's effectiveness.
Of primary interest is the state-covariance matrix and the covariance of the error in the
estimate. The latter is given by the Riccati equation (14). The state-covariance matrix
can be obtained by solving the following Lyapunov equation (ref. 3, p. 417):

(A -BKC)X+X(A -BKC)T+BKCP+PK;FBT+Q=0 (17)

where X is the covariance of x. Also, the covariance of estimate X can be shown
to be

X=X-P (18)

By using f{, X, and P, the following covariances can be computed: The control co-
variance is

- T
_ U--KCXKc (19)

where u is given by equation (7). The measurement covariance is

7 = HXHL (20)
where z is given by equation (2). The estimated measurement covariance is
7 = HXHY | (21)
where z is the estimated measurement vector given as
z = HX (22)

Or, for any general output vector y given as



y =Cx (23)

one can compute the outpmt covariance

Y = CXC (24)
or the estimated output covariance
Y - cxcT (25)
where ¥ is the estimated output given as
y = Cx (26)

LSOCE PROBLEM OPTIONS

In addition to handling the general finite-time LSOCE solution, the infinite-time
solution, and covariance matrix computation, program LSOCE provides the user with a
number of options. These options make it possible to solve various subproblems by
using portions of the LSOCE program. The subproblem options chosen do not exhaust all
possibilities but rather represent the more common variations of the LSOCE problem.

The options available are

(1) Infinite-time Kalman filter: Here, it is desired to estimate (but not to control)
the state of the system of equations (1) to (4) for to <<t= te =0, Thus, an infinite-
time matrix Ke and constant-error covariance matrix P are to be computed, thereby
defining a Kalman filter.

(2) Finite-time Kalman filter: This option is the same as option 1 except that now
Ke(t) and P(t) are to be computed given P(to) and t, for t;=t=t.

(3) Finite-time LSOCE problem without mean-gquare information: This is the prob-
lem defined previously (in the section FINITE-TIME LSOCE PROBLEM), where Ko
and KC are time varying for tO =t= tf.

(4) Finite-time LSOCE problem with mean-square information: This is the problem
mentioned in option 3 except that it now includes a calculation of the mean-square be-
havior (outlined in the section MEAN-SQUARE BEHAVIOR). This mean-square calcula-
tion is useful in the case where tf is large enough so that Ke and K, are constant
during some time t, << ty =t =ty <L te = . During the interval t; =t =t,, the
gystem-covariance matrices will be constant. The covariance matrices computed in
this option are those which apply within this interval.

8



(5) Infinite-time LSOCE problem: This is the problem outlined in the section
INFINITE-TIME LSOCE PROBLEM, but including the computation of covariance ma-
trices, as in the section MEAN-SQUARE BEHAVIOR.

(6) Infinite-time, noise-free regulator: Here it is assumed that state x is directly
measurable and that the system is described by equation (1), but with no plant noise
Q@ = 0). Thus, x =X, no Kalman filter is required, and the feedback law (eq. (7)) is
u=-K X The performance index is that of equation {16}, and the equations to be solved
are (9) and (13) for the Riccati solution and control gains.

(7) Finite-time, noise-free regulator: It is assumed that state x is directly mea-
surable (no Kalman filter needed) and that the system is described by equation (1), but
with no plant noise (@ = 0). The performance index of equation (6) is to be minimized,
given t; and 8;. The equations to be solved are (9) and (10) for Kc(t) and %(t).

{8) Infinite-time regulator with plant noise: This option is similar to option 6 in that
X is assumed to be measurable, but now plant noise is assumed to be present (Q £ 0).
The computations required are those of equations (8) and (13). Mean-square informa-
tion is also provided by solving equations (17), (19), and (24) for covariances X, U,
and Y. Note that X will equal f(, since P will be zero (perfect state measurement);
thus, U= K XK..

(9) Open-loop, plant-covariance matrices: It may be of interest simply to calculate
the covariance matrices for an uncontrolled system disturbed by noise w {(with Q ¥ 0),
described by equation (1), having an output y = Cx (eq. (23)). This would be done, for
example, in comparing open-loop and closed-loop system behavior. In particular, use-
ful information computed in this option is state covariance X and output covariance Y,

~ The use of these options in program LSOCE is explained in more detail in the sec-
tion DESCRIPTION AND LISTING OF MAIN ROUTINE LSOCE. There, the required in-
puts and available outputs are listed, and the format for system matrices (A, B, H,
ete. ) to be input is discussed.

LSOCE PROGRAM

This section serves as a user's guide to program LSOCE. If contains firsta
description of the main routine, followed by sections discussing, in specific terms, the
options available in LSOCE, followed by a listing of main routine LSOCE, Then each
subroutine is explained and listed, with the exception of subroutines ARRAY, HSBG,
MINV, FACTR, and SIMQ, which are IBM Scientific Subroutine Package (SSP) subrou~
tines and consequently are not listed. (The subroutines ARRAY, HSBG, and MINV are
defined in the section Description of Subroutine RICSS, subroutine FACTR in the section
Description of Subroutine EGVCTR, and subroutine SIMQ in the section Description of



Subroutine LYPNV,) Background information on the methods used is included when
necessary. Finally, there is a discussion of error messages,

All symbols are defined in appendix A. A sample problem {using the option which
exercises all parts of the program) is given in appendix B. Time and storage require-
ments for this sample problem are tabulated in appendix C.

DESCRIPTION AND LISTING OF MAIN ROUTINE LSOCE

The computer program which solves the linear stochastic optimal control and esti-
mation problem consists of a main routine, LSOCE, which calls a set of subroutines.
The flow chart of this program (fig. 2) shows the calling sequence and gives abrief
description of each subroutine. The main routine LSOCE defines the dimensions of the
variables and contains the input data for the LSOCE problem, Main routine LSOCE may
call the subroutines ESTMAT, CONTRL, COVM, and TRICCS, depending upon which
option the user specifies.

The dimensioned variables are

A(N,N) Lyapunov equation matrix

AAN,N) system matrix

AAA(N2,N2) Hamiltonian matrix associated with the Riccati equation
ANS(N, N) transient Riccati solution

BB(N, C) control input matrix

CC(R,N) output matrix

CI(N2) imaginary parts of eigenvalues of AAA

CR(N2) real parts of eigenvalues of AAA

HH(M, N) measurement matrix

IOR(N2) block~diagonalizing permutation vector {integer)
KC(C,N) control-gain matrix

KE(N, M) estimator-gain matrix

NBL(N2) size of individual irreducible blocks (integer)

NN(N, C} state-control product weighting matrix

PCINV(C,C) inverse of control weighting matrix

PP(N,N) estimation-error-covariance matrix

PPINIT(N, N) initial condition of transient Riccati solution for estimate

10



Q(N, N)
QC(N,N)
QQ(N,N)
RRINV(M, M)
SS(N, N)
SSINIT(N, N)
TS(N2)
vu(c, €)
X(N2,N2)
XX(N, N)
YY(R,R)
YYEST(R, R)
Z.7.(M, M)
ZZEST(M, M)
AI(N2)
AR(N2)
ASI(KSIM, KSIM)
BSIMQ(KSIM)
EXT(N2, N2)
EX1(N, N)
EX2(N, N)
EX3(N,N)
EX4(N, N)
EX5(N)
EX6(N)
IBL(N2)
IPER(N2)
IPERN(N2)
IMAX(N2)

Lyapunov equation matrix

state weighting matrix

power spectral density matrix of plant disturbance
inverse of power spectral density matrix of measurement noise
matrix Riceati solution for control problem

initial condition of transient Riccati solution for control
scaling transformation vector

control - covariance matrix

modified eigenvector matrix of AAA
gtate-covariance matrix

output-covariance matrix

estimated output-covariance matrix
measurement-covariance matrix

estim-a.ted measurement-covariance matrix
temporary storage array

temporarylstorage array

temporary storage array

temporary storage array

temporary storage array

temporary storage array

temporary storage array

femporary storage array

temporary‘storage array

temporary storage array

temporary storage array

temporary storage array (integer)

temporary storage array (integer)

temporary storage array (integer)

temporary storage array (integer)

11



TT(N2, N2) temporary storage array
XR(N2,N2) temporary storage array

where N is the number of state variables, M is the number of measurements, C 1is the
number of control inputs, R is the number of outputs, N2 = 2xN, and KSIM = (NxN +N}/2,

All these variables are dimensioned at compile time by NMAX, MMAX, CMAX,
RMAX, N2MAX, and KSIMAX, where NMAX = 12, MMAX = 5, CMAX = 5, RMAX = 5,
NZMAX = 24, and KSIMAX = 78, Integer array dimensions which the user must input
in a data statement are N (less than or equal to 12), M (less than or equal to 5), C (less
than or equal to 5), and R (less than or equal to 5). All variables are specifically di-
mensioned by NMAX, MMAX, CMAX, RMAX, N2MAX, and KSIMAX so that the user
will not be forced to do any dimensioning, The maximum dimensions were chosen such
that the problem would fit the 7094 storage capacity without need of overlay,

All data are input in block data format. Integer variables N, M, C, and R (which
are dimensions) and ISORT (which is the option number) must always be input. Data
statements for double -subscripted variables must be in the following column form, for
example:;

DATA ((VAR{I,3), I = 1,3y, J = 1,2)

/1.0, 2 * 4.5, §5.4, 6.3, 6.0/

where matrix VAR is

1.0 85. 4
4.5 6.3
4.5 6.0

The specific data input and printed output are described for each option in the next sec-
tions,

The main routine LSOCE has an input variable, ISORT, which causes various sub-
routines to be called, depending on the option desired (see the next sections and the sec-
tion LSOCE PROBLEM OPTIONS for further description).

The options available are

(1) Infinite-time Kalman filter: calls subroutine ESTMAT only; calculates infinite-
time KE and PP

‘(2) Finite-time Kalman filter: calls subroutines ESTMAT and TRICCS; calculates
infinite-time KE and PP and also KE and PP at each time point

(3) Finite-time LSOCE problem without mean-square information: calls subroutines
ESTMAT, TRICCS, CONTRL, and TRICCS; calculates infinite-time KE, PP, KC, and
SS andalso KE, PP, KC, and SS at each time point

12



(4) Finite-time LSOCE problem with mean-square information (the option used in
the sample problem, appendix B): calls subroutines ESTMAT, TRICCS, CONTRL,
TRICCS, and COVM; calculates all that option 3 does plus the mean-square, system-
covariance matrices

(5) Infinite -time LSOCE problem: calls subroutines ESTMAT, CONTRL, and
COVM; calculates infinite-time KE, PP, KC, and S8 and the mean-square, system-
covariance matrices.

(6)‘ Infinite-time, noise-free regulator: calls subroutine CONTRL only; calculates
infinite-time KC and S8

(7) Finite -time, noise-free regulator: calls subroutines CONTRL and TRICCS;
calculates infinite-time KC and SS andalso KC and S8 at each time point

(8) Infinite~time regulator with plant noise: calls subroutines CONTRL and COVM;
calculates infinite-time KC and 8S and the mean-square, system-covariance matrices

(9) Open-loop, plant-covariance matrices: calls subroutine COVM only; calculates
mnean-square, system-covariance matrices

Option 1 - Infinite-Time Kalman Filter

The block data input for option 1 must include

ISORT 1
N number of stafe variables, less than or equal to 12
M number of measurements, less than or equal to 5
I0OP1 1 if output from subroutine SCALE is desired

0 if output from subroutine SCALE is not desired
I0P2 1 if output from subroutine EGVCTR is desired

0 if output from subroutine EGVCTR is not desired
AA(N,N) | system matrix
HH{M, N) measurement matrix
QQ(N,N) power spectral density matrix of plant disturbance

RRINV(M,M) inverse of power spectral density matrix of measurement noise

The output generated by option 1 is
(1) A top heading
A RN EE R SRR R TR RE R R R EE AR R R AR E KR TR R R

RESULTS OF IZSTINATION PREGHLEM
FEPPRFTEE TR PR PRI EE T PR T T PR P g gy p ey
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(2) The scaling vector {if IOP1 # 0) with the heading

TS, SCALING TRANSFORMATION MATRIX ELEMENTS

(3) Eigenvalues of the Hamiltonian matrix with the heading

HEAL PART IMAGINARY PART ITER

where ITER is the number of iterations

{4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 #£ 0) with
the heading
MOGDIFIED EIGENVECTOR MATRIX OF AAA
{5) The ordered eigenvalues of the Hamiltonian matrix with the heading
THE ORDBERED EIGENVALUES OF THE HAHIiTONIAM MATRIX
THE CNES WITH NEGATIVE REAL PARTS

ARE THE EIGENVALUES QF (a~KE*H)
REAL PART IMAGINARY PART

(6) The solution to the estimation Riccati equation with the heading
PP, THE ESTIMATION ERROR COVARIANCE MATRIX

{(7) The estimator-gain matrix with the 'heading

KE, THE KALMAN FILTER GAIN MATRIX

Option 2 - Finite-Time Kalman Filter

The block data input for option 2 must include

ISORT
N

M
IOP1

10P2

DT
NTAU
AA(N,N)

14

2
number of state variables, less than or equal to 12
number of measurements, less than or equal to 5

1 if output from subroutine SCALE is desired
0 if output from subroutine SCALE is not desired

1 i output from subroutine EGVCTR is desired
0 if output from subroutine EGVCTR is not desired

time step
total number of time steps

gsystem matrix



HH(M, N} measurement matrix f

QR(N, N} power spectral density matrix of plant disturba.ncé
RRINV(M,M) inverse of power spectral density matrix of measurement noise
PPINIT(N,N) initia} condition of transient Riccati solution for estimate

The output generated by option 2 is
(1) A top heading
¥k d ok ke kR ok ok kb ok kA ok kR ko

RESULTS OF ESTIMATION PROBLEM
R AR A Kk SRk kAR B R R R R R KRR AR ARk AR

(2) The scaling vector (if IOP1 # 0) with the heading
TS, SCALING TRANSFORMATION MATRIX ELEMENTS
(3) Eigenvalues of the Hamiltonian matrix with the heading
REAL PART IMAGINARY PART ' ITER
where ITER is the number of iterations_ |

(4) The modified eigenvector matrix of the Hamiltonian matrix (if I0P2 # 0} with the
heading

MOLIFIED EIGENVECTOR MATRIX OF BAA

(5) The ordered eigenvalues of the Hamiltonian matrix with the heading

THE ORDARED EIGENVALUES OF THE HAMILTONIAN MATRIX

THE CNES WITH NEGATIVE REAL PARTS

ARE THE LIGENVALUES OF (A~KE*H)

REAL PART IMAGINARY PART
{6) The solution to the estimation Riccati equation with the heading

PP, TH: ESTIMATION ERROR COVARIANCE MATRIX
(7) The estimator-gain matrix with the heading

KE, THE KALMAN FILTER GAIN MATRIX

(8) Followed by a top heading

A A A e o R R IO o e o ok ok e ok o o ko A o K K

TRANSIENT RICCATI SOLUTION
**#*t#t#******#*#***#**t#*****t*g#***tt*******tgtﬁ

(9) A printout of time (The time initially will be 0.0.)
TIME = 0.
(10) The solution to the Riccati differential equation with the hea.dmg

RICCATI SOLUTION HATRIX
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(11) The transient estimator-gain matrix with the heading

KE, 4HE TRANSIENT ESTIMATE GAIN MATRIX

(Steps 9 to 11 are repeated for increasing time until NTAU steps have been taken, )

Option 3 - Finite-Time LSOCE Problem without Mean-Square Information

The block data for option 3 must include

ISORT 3
N number of state variables, less than or equal to 12
M number of measurements, less than or equal to 5
C number of control inputs, less than or equal to §
I0P1 1 if output from subroutine SCALE is desired

0 if output from subroutine SCALE is not desired
0P2 1 if output from subroutine EGVCTR is desired

0 if output from subroutine EGVCTR is not desired
DT time step
NTAU total number of time steps
AA(N,N) system matrix
HH(M, N} measurement matrix
BB(N, C) control input matrix
QC(N,N) state weighting matrix
NN(N, N) state-control product weighting matrix
QQ(N, N) power spectral density matrix of plant disturbance

RRINV(M,M) inverse of power spectral density matrix of measurement noise
PCINV(C,C) inverse of control weighting matrix
PPINIT(N,N) initial condition of transient Riccati solution for estimate
SSINIT(N, N) initial condition of transient Riccati solution for control

The output generated by option 3 is

(1) A top heading

-

EERE R MRS EE R AR U RN A FERFR RN A RE R R A AR K R KRR KRR
Zo3ULTS GF ESTImATIVULN PROTL 4
EEEER e FREE AT SR AR AR ANTFLN R g AW W AR S FREREY
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(2) The scaling vector (if IOP1 # 0) with the heading
TS, SCALING TRANSPORMATION MATRIX ELENENTS
(3) Eigenvalues of the Hamiltonian matrix with the heading
REAL PART IMAGINARY PART ITEK
where ITER is the number of iterations

(4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with the
heading
MODIFIED EIGENVECTOR MATRIX OF AAA
(5) The ordered eigenvalues of the Hamiltonian matrix with the heading
THE ORCERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE CNES WITH NEGATIVE REAL PARIS

ARE THE EIGENVALUES OF (A~KE*H)
REAL PART ‘ IMAGINARY PART

(6) The solution to the estimation Riccati equation with the heading
PP, THE ESTIMATION ERROR COVARIANCE MATRIX

(7} The estimator-gain matrix with the heading
KE, THE KALMAYN FILTER GAIN MATRIX

{8) Followed by a top heading
ok o o R o e A o o e e A ke el e ok ok ok ke 3k ok ok R K ol R e e e

TRANSIENT RICCATY SOLUTION
o ook o R e o e o o e o oo o e o s e ot ook ok el R R

(9) A printout of time (The time initially will be 0. 0.)
TINE = O.

(10) The solution to the Riccati differential equation with the heading

RICCATI SOLUTION MATRIX
(11) The transient estimator-gain matrix with fhe heading

KE, THE TRANSIENT ESTIMATE GAIN HMATRIX

(Steps 9 to 11 are repeated for increasing time until NTAU time steps have been taken, )

(12) Followed by a top heading

o o o ol o ale e e e ol o o o o o e e e o e e ol ol e R o S o Ak o R ol ol ol ol ok ke ok ok A o ok e i sk ok

BESULTS OF CONTEOL PEOBLEM
e L L T I e e I rymm

{13) The scaling vector (if IOP1 # 0) with the heading

I5, SCALING TRANSFORMATION MATRIX ELEMENTS -

17



(14) Eigenvalues of the Hamiltonian matrix with the heading
REAL PART IMAGIHRAERY PART ITEE
where ITER is the number of iterations

(15) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with
the heading
MODIFIED EIGENVECTOR MATRIX OF &RA
(16) The ordered eigenvalues of the Hamiltonian matrix with the heading
THE OQRDERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE CNES WITH NEGATIVE REAL PARIS
ARE THE EIGERVALUES OF (A-B*KC)
REAL PART IMAGINARY PART
(17) The solution to the control Riccati equation with the heading

55, BATRIX RICCRATI SGLUTICN FOR CONTROL PROBLEM

(18) The controller-gain matrix with the heading
KC, THE CONTROL GAIN MATRIX

(19} Followed by a top heading

P EEE T2 AL L LS 2 s 5 o o 0 Ak o o o o ol e oo e N o e e ek ok R R R

TRANSIENT RICCATI SOLUTION
okt ko e g o o R R A RO R AR R A R R R R R Rk

(20) A printout of time (The time initially will be set to T, which equals
NTAUXDT.)

TINE = Tf

(21) The solution to the Riccati differential equation with the heading
EICCATI SOLUTION MATRIX

(22) The transient controller -gain matrix with the heading
KC, THE TRANSIENT CONTROL GAIN MATRIX

(Steps 20 to 22 are repeated for decreasing time until NTAU time steps have been taken.
The last time done will be 0. 0 time. )

Option 4 - Finite-Time LSOCE Problem with Mean-Square Information

The block data for option 4 must include
ISORT 4
N nurnber of state variables, less than or equal to 12

18



number of measurements, less than or equal to §

M
C number of control inputs, less than or equal to 5
R number of outputs, less than or equal to 5
IOP1 1 if output from subroutine SCALE is desired

' 0 if output from subroutine SCALE is not desired
10P2 1 if output from subroutine EGVCTR is desired

0 if output from subroutine EGVCTR is not desired

DT. time step
NTAU total number of time steps
AA(N,N) system matrix
HH(M, N) measurement matrix
BB(N, C) | control input matrix
QC(N,N) state weighting matrix
NN(N,N) state -control product weighting matrix
CC(R,N) output matrix
QQ(N, N) power spectral density matrix of plant disturbance

RRINV(M,M) inverse of power spectral density matrix of measurement noise

PCINV{C, C) inverse of control weighting matrix .

PPINIT(N,N) initial condition of transient Riccati solution for estimate

SSINIT(N, N} initial condition of transient Riccati solutioh for control

The output generated by option 4 is
(1) A top heading )

ko ko Kl e M o o g o ok A e R A e e Ok R ko ok

RESULTS OF ESTIMATION PROBLEHM
P g e e e L S T T E T S L L i e ]

{2) The scaling vector {if IOP1 # 0) with the heading -
TS, SCALING TRANSFORMATION NATRIX ELEMENTS
(3) Eigenvalues of the Hamiltonian matrix with the heading

REAL PART IMAGINARY PART ' ITER

where ITER is the number of iterations
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(4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with
the heading

MOLIFIEL EIGEWVECTOR MATRIX OF ABRA
(5) The ordered eigenvalues of the Hamiltonian matrix with the heading
THE ORDSRED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE ONES ¥ITH HEGATIVE REAL PARTS
ARE THE EIGENVALUES OF (A-KE*H)
REAL PART IMAGINARY PART
{6) The solution to the estimation Riccati equation with the heading
PP, THE ESTIMATION ERROR COVARIANCE MATRIX
(7) The estimator-gain matrix with the heading
KE, THE KALMAN FILTER GAIN MATRIX
(8) Followed by a top heading

o e o g ol ko R R R i R R R ko Ak Rk kA Rk Rk

TEANSIENT RICCATI SOLUTION
okokok Ak R kR kR R SRR R R o kR R R Rk kR kX

(8) A printout of time {The time initially will be 0.0.)
TIHE = 0.
(10) The solution to the Riccati differential equation with the heading
RICCATI SGLUTION MATRIX
{11) The transient estimator-gain matrix with the heading
KE, THE TRANSIENT ESTIMATE GAIN MATRIX
(Steps 9 to 11 are repeated for increasing time until NTAU time steps have been taken.)

(12) Followed by a top heading

R T I T A I T s eI RS L R 2 R 22 L L R L Ll d bt

RESULTS OF CONTROL PHOBLEM
e e e S T T Tt e s T AL R LA AR S LA S 2R 2 LA L d bt b

(13) The scaling vector (if IOP1 # 0) with the heading
T8, SCALING TRANSFORMATION MATEIX ELEMERTS
{14) Eigenvalues of the Hamiltonian matrix with the heading

BEAL PART IMAGINARY PART ITER

where ITER is the number of iterations
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(15) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with

the heading
MODIFIEL EIGENVECTOR MATRIX OF LAA

(16) The ordered eigenvalues of the Hamiltonian matrix with the heading

THE ORDERED EIGENVALUES OF THE HAMILTOHMIAN HATEIX
THE ONES WITH NEGATIVE REAL PARTS

ARE THE EIGENVALUES OF (A-B¥*KQ)

REAL PART IMAGIRARY PERT

(17) The solution to the control Riceati equation with the heading

S5, MATRIX RICCATI SOLUTION FOR CORTROL PROBLEN

(18) The controller-gain matrix with the heading
KC, THE CONTROL GAIN MATRIX
(19) Followed by a top heading
Ao e oo o oo A o o kol o ok Ok R e ke R g
TEANSIENT RICCATI SOLUTICN

2 30 o e e o o o o ok ok ok sk ki o ok ol s kb ok R e e S e o ok o ol e i kel ok ol o e e g ol e e

(20) A printout of time  (The time initially will be set to T , which equals
NTAUXDT. )

TIME = T;
(21) The solution to the Riccati differential equation with the heading
RICCATI SOLUDTIGOGN MATRIX

(22) The transient controller-gain matrix with the heading

KC, THE TRAKSIERT CONTROL GAIN HATEKIX

(23) Followed by a top heading
2T T TP PR TTE RS TR T PE R T E R g W e qUnng P g g
COVARIANCE HMATRICES
e kool ok ko ko ok Rk Rk kRl R ok kR Rk Rk kR
(24) The control-covariance matrix with the heading
¥, CONTRGL COVARIANCE MATRIX
(25) The state-covariance matrix with the heading
XX, STATE CCVARIANCE MATRIX
(26) The output-covariance matrix with the heading

YY, CGUIPUT 'CCVARIANCE MATRIX

(Steps 20 to 22 are repeated for decreasing time until NTAU time steps have been taken.
The last time done will be 0.0 time. )
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(27) The estimated output-covariance matrix with the heading
YYEST, ESTIMATED OUTPUT COVARIANCE MATRIX

(28) The measurement-covariance matrix with the heading
7ZZ, HEASUBREMENT COVARIANCE MATRIX

(28) The estimated measurement-covariance matrix with the heading

ZZEST, ESTIMATED MEASUREMENT COVARIANCE MATRIX

Option 5 - Infinite-Time LSOCE Problem

The block data input for option 5 must include

ISORT 5
N number of state variables, less than or equal to 12
M number of measurements, less than or equal to 5
C number of control inputs, less than or equal to 5
R number of outputs, less than or equal to 5
10P1 1 if output from subroutine SCALE is desired

0 if output from subroutine SCALE is not desired
I0P2 1 if output from subroutine EGVCTR is desired

0 if output from subroutine EGVCTR is not desired
AA(N,N) system matrix
HH(M,N) measurement matrix
BB(N, C) control input matrix
QC(N,N) state weighting matrix
NN(N, N) state-control product weighting matrix
CC(R, N) output matrix
QQ(N, N) power spectral density matrix of plant disturbance

RRINV(M,M) inverse of power spectral density matrix of measurement noise

PCINV(C,C) inverse of control weighting matrix
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The output generated by option 5 is
(1) A top heading
o e e 3k e e 3k e k3 o ok ol X o ok ko ol A ol ke ik o i e o okl o AR e e S ok ook 3 o o ol e ol e o ok

RESULTS OF ESTIMATION PROBLEM
e e ok o 0 ok o ok e o o e o e e o s Gk R R ot o e okl o e A Ak ok

(2) The scaling vector (if IOP1 # 0) with the heading
TS, SCALING TRANSFORMATION MATRIX ELEMENTS
(3) Eigenvalues of the Hamiltonian matrix with the heading
REAL PART IMAGINARY PART ’ _ ITER
where ITER is the number of iterations

(4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with
the heading ' ‘

MODIFIED EIGENVYECTOR MATRIX OF 244
{5) The order eigenvalues of the Hamiltonian matrix with the heading
THE CRDERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE ONES WITH NEGATIVE REAL PARTS ‘
ARE THE EIGEXKVALUES OF (A-KE®*H)
REAL PART IMAGINARY PART
(6) The solution to the estimation Riccati equation with the heading
PP, THE ESTIMATION ERROR COVARIANCE MATRIX
(7) The estimator-gain matrix with the heading
KE, THE KALMAN FILTER GAIN MATRIX
(8) Followed by a top heading

oo 2 e o o o o o o A ek o o o e ok o A ok R R ol ek ek R

RESULTS OF CONTROL PREOBLEM
EERERRE AR R e h kR R AR RS Rk Ak kR Rk kKK Rk Kk

(9) The scaling vector (if IOP1 £ 0) with the heading
TS, SCALING TRANSFORMATION MATRIX ELEMENTS
(10) Eigenvalues of the Hamiltonian matrix with the heading
REAL PART IMAGINARY PART ITER
where ITER is the number\ of iterations

(11) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with
the heading

HOﬂIFIED EIGENVECTOR MATRIX OF AR
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(12) The ordered eigenvalues of the Hamiltonian matrix with the heading
THE CRDERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE CNES WITH HEGATEIVE RIAL PARIS
ARE THE BIGENVALUZS 0F {A-B*K{)
REAL PART IMAGINARY PART

(13) The solution to the control Riccati equation with the heading
S5, MATRIX RICCATI SOQLUTION FOR CONTROL PROBLEY
(14) The controller -gain matrix with the heading
KC, THE CONIEROL GAIW MATRIX

(15) Followed by a top heading

g e T P T TR TIT LSS E RS A SR L LT ES S S L L L

COVARIANCE MATRICES
e T TP P TR L S LR LR LI RS LI R LA R

(16) The control -covariance matrix with the heading

UG, CONTRCL COVARIANCE MATRIX

(17) The state-covariance matrix with the heading

XX, STATE CCVARIANCE MATRIX

(18) The output-covariance matrix with the heading

YY, QUTPUT CCVARIANCE MATRIX

(19) The estimated output-covariance matrix with the heading

YYEST, ESTIMATEL OUTPUT COVRRIANCE MATRIX

(20) The measurement-covariance matrix with the heading
27, MEASUREMENT COVARIANCE MATEIX
{(21) The estimated measurement-covariance matrix with the heading

Z%ZEST, ESTIMATED MELSUREMENT COVARIANCE MATRIX

Option 6 - Infinite-Time, Noise-Free Regulator

The block data input for option 6 must include

ISORT .6
N number of state variables, less than or equal to 12
C number of control inputs, less than or equal to
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I0P1

10P2

AA(N,N)
BB(N, C)
QC(N,N)
NN(N, N)

1 if output from subroutine SCALE is desired
0 if output from subroutine SCALE is not desired

1 if output from subroutine EGVCTR is desired
0 if output from subroutine EGVCTR is not desired

system matrix
control input matrix
state weighting matrix

state-control product weighting matrix

PCINV(C,C) inverse of control weighting matrix

The output generated by option 6 is
(1) A top heading

T g e T TS 121 SRR SR L RS LT L

RESULTS OF CCNTROL PROBLEH

oo ok g ke o o ook e ok ook ol e R R R e e o ok o oK Rk K

(2) The scaling vector (if IOP1 # 0) with the heading

TS, SCALING TRANSFORMATION MATRIX ELEMENIS

(3) Eigenvalues of the Hamiltonian matrix with the heading

REAL PAERT IBAGINARY PART ITEER

where ITER is the number of it_erations

(4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with
the heading

MOOSIFIED EIGENVECTOR MATRIX OF ARA

(5) The ordered eigenvalues of the Hamiltonian matrix with the heading

LHE GRDERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE CNES WITH WEGATIVE REAL PARTS

ARE THE EIGENVALUERS OF {A-B*Kl)

REAL PART IMAGINARY PART

(6) The solution to the control Riccati equation with the heading

55, BATBIX RICCATIY S5QLUTION FOR CONTROL PROBLEXM

(7) The controller-gain matrix with the heading

KC, THz CCNTHOL GAIN MATRIX
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Option 7 - Finite-Time, Noise-Free Regulator

The block data input for option 7 must include

ISORT 7
N number of state variables, less than or equal to 12
C number of control inputs, less than or equal to 5
I0P1 1 if output from subroutine SCALE is desired

0 if output from subroutine SCALE is not desired
10r2 1 if output from subroutine EGVCTR is desired

0 if output from subroutine EGVCTR is not desired
DT time step
NTAU total number of time steps
AA(N,N) system matrix
BB(N, C) control input matrix‘
QC(N,N) state weighting matrix
NN(N, N) state -control product weighting matrix

PCINV(C, C) inverse of control weighting matrix

SSINIT(N, N) initial condition of transient Riccati solution for control
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The output generated by option T is
(1) A top heading
#*#####t#**##*t#******#**#*###***#**#**#***#***#**

RESULTS OF COWRTROL PROELEM
g T TR E L TR L R L L S L 2 E R ALl ke

(2) The scaling vector (if IOP1 ¥ 0} with the heading
TS, SCALING TRAWSFORMATION MATRIX ELEMENTS
(3) Eigenvalues of the Hamiltonian matrix with the heading
REAL PART IMAGINARY PART ITER
where ITER is the number of iterations

(4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0) with
the heading

MOLIFIED EIGENVECTOR MATRIX OF &ARA



(5) The ordered eigenvalues of the Hamiltonian matrix with the heading

THE ORDERED EIGENVALUES Of THE HAMILTONIAN MATRIX
THE CNES WITH BEGATIVE REAL PARTS

ARE THE EIGENVALUES OF (A-B*K{)

REAL PART IMAGINARY PART

(6) The solution to the control Riccati equation with the heading

55, PATRIX RICCATI SCLUTION POR CONTROL PRCBLEM
(7) The controller-gain matrix with the heading
KC, THE CONTHROL GAIN MATRIX

(8) Followed by a top heading

R bk okok ok ko kSO ok e ook o e Ok R o ko ok R ok ok
TRANSIENT RICCATI SOLUTION
T I I T T R T L L T T T Ty

(9) A printout of time (The time initially will be set to Tf, which equals
NTAUXDT. )

ME = T
TINE £

(10} The solution to the Riccati differential equation with the heading
RICCATI SQLUTION MATRIX

{11} The transient controller-gain matrix with the heading
KC, THE TRANSIENT CONTROL GAIN MATRIX

(Steps 9 to 11 are repeated for decreasing time until NTAU time steps have been taken.
The last time done will be 0. 0 time, )

Option 8 - Infinite-Time Regulator with Plant Noise

The block data input for option 8 must include

ISORT 8 ‘

N number of state variables, less than or equal to 12
M number of measurements, less than or equal to 5
C number of control inputs, less than or equal to 5
R number of outputs, less than or equal fo 5

I0P3 1 if output from subroutine SCALE is desired

0 if output from subroutine SCALE is not desired
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0P2 1 if output from subroutine EGVCTR is desired

0 if output from subroutine EGVCTR is not desired

AA(N,N) system matrix

HH(M, N) measurement matrix

BB(N, C) control input matrix

QC(N,N) state weighting matrix

NN(N, N) state-control product weighting matrix

CC(R,N) output matrix

QQ(N,N) power speciral density matrix of plant disturbance
PP(N,N) estimatic" error-covariance matrix

PCINV(C,C) inverse .~ control weighting matrix
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The output generated by option 8 is
{1) A top heading
**#*t*#*****#**#lt****I##**#t*t**t#tttf***tt**t#*#*

RESULTS CF CONTROL PROBLEM
o e T TITEI ST E L SR LS R L L AL LR L b b

(2) The scaling vector (if IOP1 # 0) with the heading
TS, SCALING THANSFORMATION #ATRIX ELZBENTIS

(3) Eigenvalues of the Hamiltonian matrix with the heading
RZAL PAZT IMAGLINARY PART 1TER
where ITER is the number of iterations

(4) The modified eigenvector matrix of the Hamiltonian matrix (if IOP2 # 0} with
the heading
MOOIFIss EXIGEINVECTOR MATRIX OF AR
{5) The ordered eigenvalues of the Hamiltonian matrix with the heading
THE CGRLEPEL FIGENVALUES OF Thbn HAMILTONIAN MATRIX
THE GNE> WITH NSEGATIV: REal PARYS
ARE 18 LBIGEAVALUCYS OF ({A-B*KY)
Kial PART IMAGINALY PAKT
(6) The solution to the control Riceati equation with the heading
55, MATAIY KIoJATI SGOLUTICN £OR CONTROL FRUELYM
(7) The controller gain matrix with the headng

Fo, THY Lt ATHUL wallk HALAIX



(8) Followed by a top heading

*t#*#*a*#t*tt#*t#*ﬂw*** TRk ok ook ok ko ok e g
COVARIANCE MATRICES
Ak ko ke ko pk kg ok bk k kR kR ok kR k
{9) The control-covariance matrix with the heading
0U CONTRCL COVARYIANCE MATRIX
{10) The state-covariance matrix with the heading
XX, STATE COVARIANCE MATRIZX
{11) The output-covariance matrix with the heading
YY, COTPUT COVARIANCE MATRIX
(12) The estimated output-covariance matrix with the heading
YYEST, ESTIMATED QUTPUT COVARIANCE MATRIX
(13) The measurement-covariance matrix with the heading
22, MEASUREMENT COVARIANCE MATRIX
(14) The estimated measurement-covariance matrix with the heading

ZZEST, ESTIMATED MEASUREMENT COVARIANCE MATRIX

Option ¢ - Open-Loop, Plant-Covariance Matrices

The block data input for option 9 must include

ISORT 9

N number of state variables, less than or équal to 12
M number of measurements, less than or equal to 5
C number of control inputs, less than or equal to 5
R number of outputs, less than or equal to §

AA(N,N) system matrix

HH({M, N) measurement matrix

BB(N,C) control input matrix

CC(R,N) output matrix

QQ(N, N} power spectral density matrix of plant disturbance

PP(N,N) estimation error-covariance matrix



KC(C,N)  control-gain matrix

30

The output generated by option 9 is
(1) A top heading
sk ARk kR kR kR kR Rk Rk R Rk Rk Rk ok ek

COVARIANCE MATRICES
pppE e T eepe e PRSI TP T T TE TE I PR ST RS 2 F 2

(2) The control-covariance matrix with the heading
UB, CONTECL COVARIANCE MATRIX

(3) The state-covariance matrix with the heading
XX, STATE COVARIANCE NATRIX

(4) The output-covariance matrix with the heading
YY, CUTPUT COVARIANCE MATRIX

(5) The estimated output-covariance matrix with the heading
YYEST, ESTIMATED OUTPUT COVARIANCE NATRIX

(6) The measurement -covariance matrix with the heading
ZZ, MEASUREMENT COVARIANCE MATRIX

(7) The estimated measurement-covariance matrix with the heading

22EST, ESTIMATED MEASOUBEMENT COVARIANCE MATRIX
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Listing of Main Routine LSOCE

MAIN PRUGRAM -

TR AR R AR R R R AR S A SRR AR R AR AR AR S AR A A AR R R T E kX

PLANT
XDOT = AA = X + BB * I} + W

MEASUREMENT

I = H® X + V
NGISE

COviW) = QU
PERFORMANCE INDEX

COVIVY = RR

R r".;‘.(“-(‘.‘r“'.ﬁ/"‘;I"afﬁl"’(‘\(“ng“s("\ﬁ('\ﬁ(\ﬁﬁ(‘iﬁﬁ(‘rnﬁﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁf\ﬁﬁﬁﬁﬁﬁ

J = B {172 & { Xx%*T % QC * X + X®xT & NN * U + U*sT & pC = ¢ ) )

DIMENSIONS AND DESCRIPTIONS DF PROGRAM VARIABLES

A{NyN)
AAIN,N)
AAAL 2N 2N

LYAPUNOV EQUATICN MATRIX

SYSTEM MATRIX

HAMILTONIAN MATRIX ASSAOCIATED WITH THE
RICCATI EQUATICN

ANS{NN) RICCATI SCLUTIDN FROM TRICCS

BBIN,C) CONTROL INPUT MATRIX

CCLRyN) QUTPUT MATRIX

CI{2N} EIGENVALUE IMAGINARY PARTS (OF AAA)D

CrR{2N) EIGENVALUE REAL PARTS {(0OF AAA)

HH{MyN) MEASUREMENT MATRIX

10R{ 2N) BLOCK OIAGONALIZING PERMUTATION VECTOR
{ INTEGER)

KC{C N} CCNTROL GAIN MATRIX

KE{N)M) ESTIMATOR GAIN MATRIX (REAL)

NBL{ZN) S17e OF INDIVIDUAL IRR‘DUCIBLE BLOCKS
{ INTEGER)

NNIN,C) STATE /7 CONTROL WEIGHTING MATRIX

PCINVIC,C) INVERSE OF CONTROL WEIGHTING MATRIX

PPNy N ESTIMATION ERROR COVARIANCE MATRIX

PPINIT(N,N) INITIAL CONDIYION OF RICCATI SCLUTION FOR
TRANSIENT ESTIMAYE PROBLEM

QINgNI LYAPUNDV EQUATION MATRIX {SYMMETRIC}

QCINgN) STATE WEIGHTING MATRIX

QRENL N) POWER SPECTRAL DENSITY MATRIX CF PLANT

RARTINY (M, M)

DISTURBANCE ,
INVERSE OF POWER SPECTRAL DENSITY MATRIX
OF MEASUREMENT NOISE

SSINgND CCNTROL MATRIX RICCATI SOLUTIOCN :

SSINIT(NGNI INITIAL CONDITION OF RICCATL SCLUTION FOR
TRANSIENT CCNTRCL PROBLEM -

TSO2ND SCALING TRANSFORMATION

YuiC L) CCNTROUL COVARIANCE MATRIX

A{ZN g 2N) MODIFIED EIGENVECTIR MATRIX (0OF AAA)

AXINs N STATE COVARITANCE MATRIw (3SyMMETRI()

YY(RR) QuTPUY COVARTANCE MATRIX

YYFSTAR,R) ESTIMATED JUTPUT COVARIANCY “ATRIX

LL{Ms M MEASUREMENT COVARIANCE MATR(x

F2E5T M M)

ESTIMATED MEASUREMENT COvaxlanect maTRIx

LIMENSIONS OF TEMPORARY STORAGE ARRAYS

ATLEND

L7F]
—

OEUEH)LAL IU&G
OF POOR QUAL%S



AR(2ZN)
ASTOUIN®N#NI/ 2y (NENENY /2)
BSIMQUIN®N+NI/2)

EXTL 2N, 2N)

EXL1{NsN}

EX2{Ns N}

EX3(NyN?

EX4{NsN)

EXS5{N)

EX6{N}

1BL1 2N} INTEGER
IPER{ZN) INTEGER
[PERN( 2N} INTEGER
JMAKX(2N) INTEGER
TT{2H, 2H)

XR{2Ny 2N}

s e e ok e e st o o e e e o e 9 %o R 2 ok ke e ot o ade ale e ol e e ol et el oot el ol e e ol e o ok e ol e e e e e R

[aFelalulelainlziniesEsl s NalaR el aRa el

DIMENSION AA(12,12), QQ(12,12), Q@C(12,12), PP(12,127, 55(12,12),
C1XXUL251027y AE12,12), QU124120 ¢ ANS(12:12) EXLU12¢12)y EX2112412),
2EX3{12,12)5 EX4(12,12), PPINIT{12,12), SSINIT{12,12)y AAA(Z24+24),
ATTU24924) y EXT(24,24), X{24424) s XR( 244241y -ASILT8,78)) YY(5,5),
4ZZ{5+5)y UUL5:5), YYESTL5,5), 2ZES5T(5,5)y RRINVIS,5), PLINVIS5:5),

SBBL12y5)y NN(1255), KE(12,5)y KC{3,12), CCI5,12), HH{5,12},

6EX5{1L2), EX6(12), TS{24),y CRI24)y CL{24), AR(24), AlL24),
TIPER{24), IPERNI{24), BSIMQ(T8), IOR{24), NBLUZ24), IBLI[24),
8IMAX(24)

REAL KE, NN, KO

REAL INIT

INTEGER €, R, CMAX, RMAX

C INSERT BLUCK DATA HERE

NMAX
MMAX
CMAX
RMAX
N2MAX = NMAX + NMAX

KMAX = NMAX * NMAX

KSIMAX = (KMAX + NMAX) / 2
N2=N+N

K=NEN

KS5IM={(K+N) /2

2

T AT AN

IF (ISDRT.GT.51 GO 7O 10

CALL ESTMAT (AAHH QQ)RRINVKE,PPICRHCI ) XTS»XR,TT, AAA,EXT, AR, AL,
LIPERy IPERNy I ORy NBL IBLy JMAXyNeM N2 IOPL TOP 2y NMAX s MMAX y NZMAX)

IF (ISORT«EQ.l} STOP
IF (ISORT«EG«5) GO TO 10

CALL TRICCS (X,PPINIT,CRsCI,ANS DT NTAU,N,C,MN2,EXLEX2HEX3,EX4,
LEXSEX64 IPER s IPERNy HHyRRINV NNy PCINV BB 21 +NMAX s CMAX s MMAX y NZMAX)

1o IF (ISGRT.EQe2} STOP
IF (ISORT«EQ+9} GO TO 20
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CALL CONTRL {AA; BBy QC NN ) PCINVKC s SS,CRICII Xy TS XRy TTAARA,EXT AR,
LAL,IPER,) [PERN,)IOR,NBL y IBL s IJMAX Ny CoN2+TOP Ly IOP2 s NMAX TMAX, N2ZMAX)

C
IF {ISORT«EQes) STOP )
IF (ISORT+EQs5s0R«I50RT«EQs8) GO TH 20
C
CALL TRICCS {X»SSINIT CRyCISANSyDToNTAU SN CoM N2 EXLEX2,EX3,EX4,
1EXSsEXHyIPER yIPERNsHH RRENV NN, PCINV BB 42 yNMAX, CHAX, MMAX 3 NZMAX )
C ]
20 IF (ISORTSEQe3.0R-ISORTLEQ.7} STOP
C
CALL COVYM [AA,BByHHCC,QQ PPy KCyNyM LR XXy YY 22 WU, YYEST Z2EST,
IKSYMy Ay Q BSTIMQASTs NMAX s MMAX , CMAX,, RMAX KSIMAX)
C
RETURN
END

DESCRIPTIONS AND LISTINGS OF SUBROUTINES
Description of Subroutine ESTMAT

Subroutine ESTMAT solves the optimal linear state estimation problem. Using AA,
HH, QQ, and RRINV, it sets upan N2xXN2 matrix called AAA, which is the
Hamiltonian matrix associated with the matrix Riccati equation. Subroutine ESTMAT
then calls subroutine RICSS to solve the Riccati equation and to obtain the estimation
error-covariance matrix PP, which subroutine ESTMAT then uses to compute the es-
timator gains KE. |

The subroutine statement for ESTMAT is as follows:

SUBROUTINE ESTHMAT (AA, HH,QQ,RRINV,KE,PP,CR,CI X,T5,XR,

TT,AAA,EXT, AR, AI,IPER, IPERN, I0R, NBL,
IBL,JHAZ,N,¥,K2,I0P%,I0P2,NMAX MMAX,

N2MAX)
The input variables are
AA(N,N) gystem matrix
HH(M, N) measurement matrix
QQ(N, N) power spectral density matrix of plant disturbance

RRINV(M, M) inverse of power spectral density matrix of measurement noise
IOP1 scaling printing option |
I0P2 eigenvector printing option
The input integer dimensions are
N number of state variables

M number of measurements
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N2 2xN, dimension of Hamiltonian matrix

NMAX dimension, greater than or equal to N
MMAX dimension, greater than or equal to M
NZ2MAX dimension, greater than or equal to N2

The output variables are
PP(N,N) estimation error-covariance matrix
KE(N, M) estimator-gain matrix

The intermediate variables are

AAA(N2,N2) Hamiltonian matrix associated with the Riccati equation

CR(N2} real parts of eigenvalues of AAA .

CI(N2}) imaginary parts of eigenvalues of AAA
X(N2,N2) modified eigenvector matrix of AAA

NBL(N2) size of each irreducible block {(integer)

IOR(N2) block-diagonalizing permutation vector (integer)
TS(N2) scaling transformation

The temporary storage arrays are
XR(N2, N2}
TT(N2,N2)
EXT(N2,N2)
AR{N2)
AXN2)
IPER(N2) integer
IPERN(N2) integer
IBL{N2) integer
JMAX(N2) integer

Vectors CR and CI contain the eigenvalues of the Kalman filter; that is, the
eigenvalues of (A ~ K eI-I). It IOP1 is not equal to zero, the elements of the scaling
transformation matrix are printed, I IOP2 is vot equal to zero, the modified eigen-
vectors of AAA are printed,

There are no error messages output from this subroutine. It prints the following
message:
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A R o o R e Ao ok e A o R e ok e ek R R

RESULTS OF ESTINATION PROBLEM
e e L T T Rt T LT T T

After the output from subroutines EGVCTR and RICSS, it prints the ordered eigenvalues

with the heading
THE CRUERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE CNES WITH NEGATIVE REAL PARTS

ARE THE EIGENVALUES OF (A-KE*H)
RERL PART IMAGINARY PALRT

It then prints the solution to the Riccati equation with the heading
PP, THE ESTIHATIOﬂ ERROR COVARIANCE MATERIX
Finally, it prints the Ke's with the heading
KE, THE KALMANM FILTER GAIN MATRIX

Using the method of reference 9, subroutine ESTMAT forms a 2nx2n Hamiltonian
matrix M

a=l AT ‘HTR'IH
Q | a

(27)

where matrices A, H, Q, and R are defined in the section FINITE -TIME LSOCE
PROBLEM. Matrix M is required as input to the Riccati-equation-solving subroutine
RICSS. The particular Riccati equation solved is equation (14). After forming M, sub-
routine ESTMAT calls subroutine RICSS to obtain the Riccati solution matrix P, which
is the covariance of the estimation error. Kalman gair;s Ke are then computed as

K, = PH R (28)
Listing of Subroutine ESTMAT

SUBROUTINE ESTMAT (ﬁA;HH.QQ,RRINV.KE;PP,CR,CI;XyTS[XRgTT'AAAjEXTv
LARyAY, IPER 4 IPERN,IOR ,NBL,I_BL.JM.’AX. Ny My NZ , IGPL, IDPZ;NMA)(.MMAX,
2NZMAX } -

AR R AR K R SRR R 3 R e S Rl 4 e A o Hede ek dedk Kk
ESTMAT SOLVES GPTIMAL LINEAR STATE ESTIMATION PROBLEM, )
ESTMAT SETS UP N2 BY N2 MATRIX AA4 USING AR, HH, ©Q, AND RRINV.,
ESTMAT CALLS RICSS TO DBTAIN ESTIMATIGN ERERUR COVARIANCE, PP,
ESTIMATIR GAINS KE THEN CAMPUTED,

3R R XA RO A A Ao o HK o A R M AR o ok R e ok ok ook o ok e e ke e ek ok N

aEaNeNeReNeNele!
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DCUBLE PRECISION SUM
REAL KE

DIMENSIIN AAINMAX, 1), HH{MMAX,1)s QQINMAX,1), REINVIMMAX, 1),
LKE{NMAX, 1}y PPINMAX,1)y CR{1)y CI(1Dy X{NZMAXy1)s TS¢LN.
IXR(NZMAX, L1y TTIN2MAX,1)T AAA{NZMAX, L1}, EXTINZMAXy 1)y AR{ L}y
3AT(1)s IPER{1)y IPERN(1)y IUR{1l}s NBL{1), IBL{L)y JMAXI(L1}

OO0 o]

io

20

30

40
50

60

T2

- Xalalel

99
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WRITE (6,130}
FORM AAA MATRIX

0 50 J=1.N2

JJd=J=N

DO 50 I=1sN2

II=1-N

iF 1{J.GT.NY GO TO 20
IF (I1.GT.N} GO TO 1D
AAALT s J)i=—AALd,])

GQ TO 50

AAAL I J)=QQ{TI1,J)

GC 70 350

IF (1.GT N} GO TO 40
SUM=D.0D0

£Q 30 L=14M

DG 30 K=1y4M
SUM=SUM+HHIK y T J*RRINVIK LY¥HH (L JJ}
AAAT T, Jh=5UM

GC 1O 50
AAATTJ)=AACTIT 0}
CONTINUE

OBTAIN SOLUTION TU ESTIMATION RICCATI EQ. AND STORE IN PP

CALL RICSS (AAA,X;PP;CR,CI.TS;XR,EXT;TT.IPER,IPERN,IDR.NBL:IBL'

LIMAX, AR, ATy TOP L, IOP2y Ny N2y NMAX s NZMAX
WRITE (6, 140)

WRITE (651500 (CRUI},CI{I)I=14N2)
WRITE {64160)

tL=1

LLL=10

IF (N.LT.LLL) LLL=N

00 70 I=1,N

WRETE (64170) (PP{I,L)sL=LL,LLL)
CONT INUE

WRITE (641801

1F (N.EQ.LLL) GO TO 80

LL=LL+10

Lil=tLi+10

GO TD 60

COMPUTE ESTIMATOR GAIN MATRIX KE

0O 100 Jd=1yM

g0 100 I=1,N

SUM=0.0D0

DC 9C L=1yM

CO SC K=1l«N
SUM=SUM+PP T K 1RHH{L (K )#RRINVILy J)



190 KE{IyJ)=5SUM
WRITE {6,150}
LL=1
LLL=10
110 IF (MaLTLLiL) LLL=M
DO 120 I=1,N
WRITE (6,170) {KE(IsL}sL=LL,LLLY}
120 CONTINUE
WRITE (6,180)
IF {M.,EQ.LLL) RETURN
Li=L1+10
LLL=LLL+10
GC T0 110

130 FORMAT { LH1/ 1X 5 0Mcsk dor seofe i ot 36 e 2o e e ool et ok oo ook ko ok kel ko b
1%/ 15%, 29HRESULTS OF ESTIMATION PROBLEM/ L X, 50 H sksdcodor sk dop sk aokk &k
2 R koo ok okt dek ko ol kR koo R ok f S /)

140  FORMAT (//1X,49HTHE ORDERED EIGENVALUES OF THE HAMILTONIAN MATRIX/
11Xy 33HTHE ONES WITH NEGATIVE REAL PARTS/1X,31HARE THE EIGENVALUES
20F (A=KE¥H)/1XySHREAL PART,14X,14HIMAGINARY PART)

150  FORMAT (1X,E15.8,8X,E15.8)

160 FORMAT (//1X,42HPP, THE ESTIMATION £RROR COVARIANCE MATRIX)

170 FORMAT (1X41PL0E12.41

180  FORMAT ( 1HO)

190  FORMAT (//1X,33HKE, THE KALMAN FILTER GAIN MATRIX)

END :

/ Description of Subroutine CONTRL

Subroutine CONTRL solves the optimal linear regulator problem. Using AA, BB,
QC, NN, and PCINV, it sets up an N2xXN2 matrix called AAA, which is the Hamiltonian
matrix associated with the matrix Ricecati equation, Subroutine CONTRL then calls sub-
routine RICSS to solve the Riceati equation and to obtain the conirel matrix Riccé.ti sola-
tion S8, which subroutine CONTRL then uses to compute the control gains KC.
* The subroutine statement for CONTRL is as follows:
SUBROUTINE CONTRL (AA,BB,QC,NN,PCINV,K(,55,CR,CI,X,?S,

XR,TT,hAR,EXT,AR,AI ,IPER,IPERN,ICOR,
NBL,IBL,JMLK, N,C,N2,I0P1,I0P2, NMRX,

CMAX,N2MAK)
The input variables are
AA(N,N) system matrix
BB(N, C) control input matrix
QC(N,N) state weighting matrix
NN(N, C) state -control product weighting matrix

PCINV(C, C) inverse of control weighting matrix
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IoP1 gcaling printing option
I0P2 - eigenvector printing option

The input integer dimensions are

N number of state variables

C number of control inputs

N2 2xN, dimension of Hamiltonian matrix
NMAX dimension, greater than or equal to N
CMAX dimension, greater than or equal to C
N2MAX dimension, greater than or equal to N2

The output variables are
SS(N,N) matrix Riccati solution for control problem
KC(C,N) control -gain matrix

The intermediate variables are

AAA(N2,N2) Hamiltonian matrix associated with the Riceati equation

CR(N2) real parts of eigenvalues of AAA

CI(N2) imaginary parts of eigenvalues of AAA
X(N2,N2) modified eigenvector matrix of AAA

NBL(N2) size of each irreducible block (integer)

IOR(N2) block-diagonalizing permutation vector (integer)
TS(N2) scaling transformation

The temporary storage arrays are
XR(N2,N2)
TT(NZ, N2)
EXT(N2,N2)
AR(N2)
AI(N2)
IPER(N2) integer
IPERN(N2) integer
IBL{N2) integer
JMAX(N2) integer
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Vectors CR and CI contain the eigenvalues of the optimal linear regulator; that
is, the eigenvalues of (A - BKc). If IOP1 is not equal to zero, the elements of the
scaling transformation matrix are printed. I IOP2 is not equal to zero, the modified
eigenvectors of AAA are printed, i

There are no error messgages output from this subroutine, It prints the following
message: '

¥hebhkkkkokkkokkk kR ko ko kR ok ok Rk ok kA

RESULTS OF CONTROL PROBLEM
ok e o K ook ok ok o e o A e o K oK o o e o oo e ok R R OR K

After the output from subroutines EGVCTR and RICSS, it prints the ordered eigenvalues
with the heading '
THE ORDERED EIGENVALUES OF THE HAMILTONIAN MATRIX
THE CONES WITH NEGATIVE REAL PARTS
ARE THE EIGENVALUES OF (A-B*KC)
REAL PART ' IMAGINARY PART
It then prints the solution to the Riccati equation with the heading
SS, MATRIX RICCATI SOLUTION FOR CONTROL PROBLEHM
Finally, it prints the K c's with the heading
KC, CONTROL GAIN MATRIX

The method used by subroutine CONTRL, given in reference 9, is as follows:
subroutine CONTRL forms a 2nx2n Hamiltonian matrix M given as

o (e ) | "

-1,,T T
@c “NP N )I(A - BP;INT)

where the matrices A, B, N, P o and Q c are defined in the section FINITE -TIME
LSOCE PROBLEM, Matrix M is required as input to the Riccati-equation-solving sub-
routine RICSS. The particular Riccati equation solved is equation (13). After form-
ing M, subroutine CONTRL calls subroutine RICSS fo obtain the Riccati solution

matrix 8. It then computes the control gains KC as

K, - p;l(BTs N NT) ‘ (30)
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Listing of Subroutine CONTRL

SUBRCUTINE CONTRL (AA,BB,QC;NN,PCINV;KC,SS,CR,CI,X.TS.XR.Tf.AAA.
LEXTyAR AT, IPER,IPERN JORINBLyIBLy JMAX Ny CoN2510P 1y IOUP2) NMAX, CMAXK,
ZNZMAX)

3 2 o oo sl ode ¢ ok e ol el e 46 o ok o e ool e ko o YR o g ol o el e iR el st s o ok ok e Tl e o R R X% ok
CONTRL SOLVES OPTIMAL LINzAR REGULATOR PROBLEM. IT SETS UP N2 BY
N2 MATRIX AAA, USING AA, 884 QC, NNy AND PCINV. ‘
CONTRL CALLS RICSS TO OHTAIN SOLUTIOCN TO RICCATI EQUATIONs 5S.

COCNTROL GAINS ARE THEN COMPUTCD, KC.
o 3 e e oAt o e o el stk ool S o e e o o o e ol e e e e ok ool e e e OO A e ol o e R ok o ool ok etk R R e R e

CCUBLE PRECISION SUMLIy SUMZ2, 5SUM3
REAL NN, KC
INTECER C, CMAX

CIMENSION AA(NMAXy1)y BBINMAX,L)y QCINMAX 1)y NN{NMAX,sL},
LPCINV(CMAXy1), KC(CMAXyLl)s SSINMAX,1)s CR{1}y CI(L1)y X{NZ2MAXy1l}y
275011y XRONZMAXy1ly TT{NZMAX,1)s AAA(NZMAX .1}y EXTIN2MAX,1),
3AR{1)y AN{L1}y IPER(L)y IPERN({13}, IOR{1}y NBLIL), IBLIL1)}, JMAX( 1)

WRITE (64100}
FERM AAA MATRIX

CC 20 J=1+N

JJ=J+N

£e 20 I=s1yN

1i=1I+N

SUM1==AA{T,4J}

SUM2=0C{ I, ]

5um3=0.,000

CO 10 L=1,.C

CC 10 K=1,C
SUM1=SUML1+8B (I +K I*PCINVIKs LI*NN(JdyL}
SUM2=SUM2~NN{T 4K ) XPLCINVIKy LYRNNEJ, L)
SUM3=SUM3+BB (I sK ) XPLCINVIK,LI®BB{JyLI}
AAA{I,J)=5uUM1

AAACII, 11 ) ==SUM]

ARALTIy ) 1=SUM?2

ApALT, 4 1=5UM3

OBTAIN SOLUTION TO CONTROL RICCATI EQ. AND STORE IN S5

CALL RICSS (AAA XsSSeURCI o TSy XRZEXT,,TT,IPER, IPERN I0RNBLyIBL,
1JMAX; ARy AT I0OP L, IDP 2 N N2y NMAX s N2ZMAX )
WRITE (6,1101%

WRITE (69120) (CRUIILCI(I)41I=1,N2)
WRITE (64130)

Li=1

LLL=10

IF (NLLTLLLL?Y LLL=N

CC 40 I=1,N

WRITE (6, 140) (SS{I,L)sL=LL,LLL)
CONTINUE

WRITE (6,150}

IF {N.EJ.LLL} GO TO 50



LL=LL+10
LLL=LLL+10
GO TO 30

CCMPUTE CONTROL GAIN MATRIX K¢

m o, o

0 CC 70 J=14N
Do 70 I=l'c
SUM1=0,.,0DD
B0 60 K=1,C
SUML=SUML1+PL INVII 4KIENN{JyK)
CO 60 L=14N
60 SLUMI=SUML4PC INVI I 4KI*¥BB Lo KIXSS(L,y d)
70 KC{Tydi=5um1 '
WFRITE (6,160}
Li=1
LLL=10
80 IF {NAT..LLL} LLL=N
oo 9¢ I=1,C
WRITE (65140) (KCU{I,Ldsl=LLsLLL)
92 CONT INUE
WRITE (64150
IF (N,ER.LLL) RETURN
LL=LL+10
LLL=LLL+10
GC 10 80

100 FORMAT ( LH1/ 1Xy SOH koo sl ofe ool s s o i e s oo o ool o ot oo o otk ek o o oot e e

L#%/15Xs 26HRESULTS OF CONTROL PROBLEM/LX, B0 Ha ok o oo sl o e ok ok
2% o e ok e o el e sl e e el o ek ke k f £ A ) .

110 FORMAT (//1X,49HTHE ORBERED EIGENVALUES OF THE HAMILTDNIAN MATRIX/
11X¢33HTHE ONES WITH NEGATIVE REAL PARTS/1X,31HARE THE EIGENVALUES
20F {A-B*KC )/ 1Xs9HREAL PART,14X,14HIMAGINARY PART)

120 FORMAT (1X,£15,.,8,8X,E15.38)

130 FCRMAT (//71X+4THSS, MATRIX RICCATI SCLUTION FUR CCNTROL PRDBLEMI

140 FORMAT {1X,1P10E12.4)

150 FCRMAT ( 1HO)

160 FORMAT {//1Xy2THKC, THE CONTROL GAIN MATRIX)

END

Description of Subroutine RICSS

Subroutine RICSS computes the solution (called OUTPUT) to the algebraic Riceati
equation. The input is an N2xXN2 Hamiltonian matrix, AAA, formed by either subroutine
ESTMAT or subroutine CONTRL. Subroutine RICSS calls subroutines CONDI, EIGQR,
ORDER, EGVCTR, and the IBM SSP subroutines HSBG (upper Hessenberg transforma -
tion), ARRAY (conversion from vector storage to double-dimensioned storage or the
reverse), and MINV (matrix inversion). Subroutine RICSS first conditions AAA
(CONDI), then transforms it to upper Hessenberg form (HSBG) and computes its eigen-
values (EIGQR). The symmetric set of eigenvalues are then ordered (ORDER) (those
with positive real parts occupying the first N positions), and the modified eigenvector
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matrix is computed (EGVCTR) using the original AAA matrix, The matrix QUTPUT is

then calculated by inverting and multiplying submatrices of the modified eigenvector

matrix. For a detailed explanation of the method, see the following and reference 9.
The subroutine statement for RICSS is as follows:

SUBROUTINE RICSS {AAA, £,00TPUT,CR,CI,TS +XR,EXT,TT,IPER,
IPERN,IOR,NBL,IBL,JNA%,AR,AL,IOPY,
IOP2, N, N2, NEAX, N2MRX)
The input variables are
AAA(N2 N2) Hamiltonian matrix associated with the Riccati equation
10P1 scaling printing option (used in subroutine SCALE)
10P2 eigenvector printing option (used in subroutine EGVCTR)

The input integer dimensions are

N number of state variables

N2 2xXN

NMAX dimension, greater than or equal to N
N2MAX dimension, greater than or equal to N2

The output variable is
QOUTPUT(N,N) matrix Riccati solution

The intermediate variables are

X(N2,N2) modified eigenvector matrix of AAA

CR(N2) real parts of eigenvalues of AAA

CI(N2) imaginary parts of eigenvalues of AAA
NBL(N2) size of each irreducible block (integer)

IOR(N2) block -diagonalizing permutation vector (integer}
TS(N2) scaling transformation vector

The temporary storage arrays are
XR(N2,N2)
EXT(N2,N2)
TT(N2,N2)
IPER(N2) integer
[PERN(N2Z) integer
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IBL(N2) integer
JMAX(N2) integer
AR(N2)
AI(N2)
There is one error message from this subroutine, During calculation of OUTPUT,

the upper left quadrant of the X matrix is inverted prior to multiplication by the lower
left quadrant, The following message may then be printed:

X11 IS SINGULAR
There is no other printed output from this subroutine, :
The method used by subroutine RICSS is as follows: subroutine RICSS solves the
algebraic Riceati equation

T _
VM +M{ V- VM,V + M (31)

91=0

for an nXn positive-definite, symmetric matrix V. A 2nx2n Hamiltonian matrix M
given by

M
M=
M

M
11(7°12 (32)

21| Masz
where Moy = -M}‘l, is required as input. The method consists of solving the equation
MT = TA ' (38)

for the modified eigenvector matrix T, where A is defined as
A=[{CO} (34)
QiC '

C is the nXn block-diagonal matrix of the n eigenvalues of M that have positive real
parts. The block-diagonal form of C 1is such that an eigenvalue pair X = o + j3
appears as a 2x2 block '

c=[“ "3] (35)
+53 o
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on the diagonal, Except that the diagonal elements of C are all negative, C is the
same as C. Thus, with A so defined, the modified eigenvector matrix T is a block-
diagonalizing transformation matrix of M.

After reducing and scaling M, transforming it to upper Hessenberg form, and ob-
taining its eigenvalues, subroutine RICSS calls subroutine ORDER, which sorts the
eigenvalues into the required order. The modified eigenvector matrix of the original
form of M is then computed by using subroutine EGVCTR to obtain T. The solution V
is then obtained from the nxn submatrices of T as

-1

V= T21T11 (36)

Listing of Subroutine RICSS

SLBROUTINE RICSS {AAA ¢ Xs QUTPUT yCRyCL p TSy XR4EXT 4TT, IPER, IPERNy ICR,
IN@Ly IBLy JMAX ARy AT oI OPL,TOP2y Ny N2y NMAXy N2MAX]

C .
[ *##********####ﬁ#**#*##*#***#*###**#*##*#**#*****#*#**##**#*##*##
c RICSS COMPUTES SOLUTION TO STEADY STATE MATRIX RICCATI EQUATION,
C OUTPUT. INPUT IS N2 BY N2 MATRIX AAAy WHICH IS THE HAMILTONIAN
c MATRIX ASSOCIATED WITH THE MATRIX RICCATI EQUATION.
C RICSS CALLS CONGI, EIGQR, ORDERy EGVCTR AND IBM SSP SUBROUTINES
c FSBG, MINV, AND ARRAY, -
C ###*#**#***********##*#**********#*****##****###**t#**#*#**#*#***
(o

CCUBLE PRECISION SUM
o

DIMENSION AAAINZMAX 11}, X(NZMAX.U_. DUTPUT{NHAK'-].}' CR{L1}e CI(1),

1TS(1)y XRIN2MAXy 1)y EXT(N2MAXs1)s TTIN2MAX,1l)y IPER(LD, IPERN( 1)y

2AR{1)y AI{L1)y, IOR(1),y NBL(I}y IBL(LD, JMAX(1}
c
o EPS IS THE ERROR CRITERION USED IN DETERMINING WHETHER TWO
' EICENVALUES ARE SYMMETRIC ABOUT THE IMAGINARY AXIS
c

EPS=.001
o
¢ PLT AAA IN BLOCK DIAGONAL FORM (IF REDUCIBLE} AND SCALE
C .

CALL CONDGI {(AAAsX¢XRyIPER,IPERN,TORSyNBLyIBL,IJMAXTSoIGPLy N2, N2MAX)
c \
c TRANSFORM CONDITIONSD AND SCALED AAA TO UPPER HESSENBERG
C ‘ o

CLLL ARRAY (2yN24N2sN2MAXy N2ZMAXy XRy XK

CALL HSBG (N2,XR,N2} : o

CALL ARRAY (1s4N2yN2yNZMAX ) NZMA X,y XRy XK)
c
C OBTAIN £ IGENVALUES OF MESSENRERG MATRIX
C .

CALL EIGQR [ XRsNZ2yCRsCIyLlyNZMAX)

ORGCEF EIGENVALUES

[« EaN 9]
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CALL ORDER (CR,CIN2,yEPS)

OBTAIN MODIFIED EIGENVECTOR MATRIX, Xy USING ORIGINAL AAA MATRIX

[z Ralel

CALL EGVCTR (AAASCR,CI 4 XyN2yTTyEXT4AR Al 3 IPERN yI PER, 1 OP2y N2MAX )
30 E0 40 J=1,N
PG 4C I=1,N
4) OUTPUT{I,Ji=X(1,4}

C
C INVERT Xx11
c
CALL ARRAY { 2sNs Ny NMAXZ NMAX , DUTPUT, OUTPUT)
CALL MIMV (DUTPUT,N,DET,IPERN,IPER)
CALL ARRAY [ 1eNe N NMAX  NMAX , QUTPUT,, QUTPUTI
IF {CET.EQ.J.0) WRITE (6,110}
C
C PREMULTIPLY X11 INVERSE BY X2l TD OBTAIN RICCATI SCLITION, QUTPUT
C
DC 74 J = 1,N
DO 60 I = 14N
I11=1+N
SUM=0.0D0

0C 50 K = 14N
53 SUM=SUM#X{II,KIxOUTPUTI(K,J)
60 AR{I}=5UM

DC 70 M = 14N
70 GUTPUTIM,JI=4R(M)

RETURN

110 FORMAT (1X,15HX11 IS SINGULAR)
END

Description of Subroutine CONDI

Subroutine CONDI conditions an NXN matrix, VARO, before the eigenvalues of
VARO are obtained, This conditioning is done in order to improve the accuracy of the
eigenvalues. The matrix VARO is first transformed into block-diagonal form (if re-
ducible) and then each individual block is scaled. In order to accomplish this, sub-
routine CONDI calls subroutines REDU and SCALE. T VARO is not reducible, it is
simply scaled.

The subroutine statement for CONDI is as follows:

SUBROUTINE CONDI (VARO,SS,S,IN,JBL,IOR,NBL,IBL,JNAX,D,
: I0P1,N,NNAX)

The input variables are
VARO(N, N} matrix to be conditioned
IOP1 scaling printing option (used in subroutine SCALE)
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The input integer dimensions are
N size of matrix to be reduced and scaled
NMAX - dimension, greater thanor equal to N
The output variable is
S(N, N) matrix in block-diagonal and scaled form

The intermediate variables are

D(N) vector containing the diagonal elements of the diagonal scaling matrix
IOR(N) block-diagonalizing permutation vector (integer)
NBL(N) size of each irreducible block (integer)

The temporary storage arrays are

SS(N, N)

IN(N) integer
JBL(N) integer
IBL(N) integer
JMAX(N) integer

There is no printed output from this subroutine,

Listing of Subroutine CONDI

SUBROUTINE CONDI {VAROD +55s SeINyJBLy 1 ORyNBL yIBL 3 JMAX, Dy IDPLy Ny NMAX)

e o e e Mok 3 e o e e KO B ok e ol o e R o g ok e ok o X ok o K OR ROk ok b ok
CHANGE CONDITION OF MATRIX BY PUTTING IT IN BLOCK DIAGONAL FORM
{1F REDUCIBLE) AND THEN SCALING.

CONDI CALLS SUBROUTINES REDU AND SCALE.

o o ok s o s ok ok e o e e ol o e A kR HOR o e R R Rk R R R

OO0 0

D IMENSION VARO(NMAXs1)y SSINMAXsL}e S(NMAX,1)s INULD, JBL(L)y
1 I0R(1), NBL(L}y IBL(L)e D(Ll}, JMAXI(L) :

CALL REDU {VARD$SS5sSsIN,JBLyINBLyIORyNBL I BLy JMAX, Ny NMAX )
oo 10 14N
10 LI}

DO 30 K = l.INBL

NSMOLD = NSUM + 1

NSUM = NBLIK) + NSUM

IF (NBL{K} LLE. 1} GO YO 390
CO 20 4 = NSMOLD, NSUM

JJd = J = NSMOLD + 1

CQ 20 I = NSMOLD,NSUM
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Il = 1 - NSMOLD + 1
20 SS(Il,3d) = s(1,J)

CALL SCALE (SS5,D(NSMOLD)yNBLIK)sIGPL,MNMAX)
33 CONTINUE

CO 40 J = 1,N
CC 40 1 = 1,N
40 S[Iyd) = S(L,d) = DUIY / DII)
RETUEN
END

Description of Subroutine REDU

Subroutine REDU reduces an NXN matrix VARO, if VARO is reducible. A simple
permutation transformation is used on VARQ, Subroutine REDU calls no subroutines,
The subroutine statement for REDU is as follows:

SUBROUTINE RZDU (VARO,SS,S,IN,JBL,INBL,IOR,NEL,IBL,JNAX,
N,NMAX)

The input variable is

VARO(N,N) matrix to be reduced to block-diagonal form
The input integer dimensions are

N size of matrix to be reduced

NMAX .dimension, greater than or equalto N
The output vé.ria,bles are

S(N, N)- matrix in block-diagonal form

NBL(N)  size of each irreducible block (integer)
INBL number of irreducible blocks (integer)

The intermediate variable is
IOR(N) block-diagonalizing permutation vector (integer)

The temporary storage arrays are

SS(N, N)

IN(N) integer

JBL{N) integer

IBL(N) integer

JMAX(N) integer ‘

There is no printed output from this subroutine.
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The following is a simplified description of the subroutine REDU algorithm, which
is based on Harary's method for reducing a matrix to block-diagonal form (ref. 15).
The aim is to permute the rows and columns of a matrix A so that (if possible) the fol -
lowing block-diagonal form results:

A A

11 12
0 |Ags

A Boolean matrix B corresponding to the input matrix A is formed by inserting
ones in the positions of B where nonzero entries occur in A and zeroes elsewhere,
For example,

12z 3 4 5 123 45
fce c8 o co o] 1{1 1 0 10
21 0 0o o0 C3 0 2l0 0 0 1 0
A=3|c10 cu1 c1 o 0 B=3f1 11 0 0
s 0 C4 o0 C5 C6 alo 1 0 1 1
slo o o c7 o 50 0 0 1 0]

Matrix B is raised to the n - 1 power by using the rules of Boolean multiplieation and
addition. Then, the resulting matrix is checked for coincident ones, that is, where ones
appear in both the (i, j) and the (j, i) positions when i #j. This checking is done to find
which variables are associated with irreducible submatrices of A. In this example,

-1 jg
123 45
i1 101 14
2lo 1 0 1 1t
B4-3{1 1 1 1 1
alo 1 0 11
slo 1 0 1 1

The coincident ones oceur in locations (2,5 add 5,2), (2,4 and 4, 2), and (4,5 and 5,4).
Thus, variables 2 and 5, 2 and 4, and 4 and 5 are associated with irreducible sub-
matrices. However, 2 is common to the first two submatrices and ¢4 is common to the
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last two submatrices. Thus, 2, 4, and 5 are all associated with one 3x3 irreducible
submatrix. Therefore, the grouping of variables is (2,4, 5), (1), and (3).

Now that the variables associated with the irreducible submatrices are identified,
the original matrix A 1is rearranged into block-diagonal form. The rows and columns
of A are permuted so that the variables associated with each irreducible submatrix are
adjacent, An INBLXINBL Boolean matrix B is formed, whose off-diagonal elements
are ones if any of the elements in the corresponding block of the permuted A matrix
are nonzero; otherwise, they are zero. All diagonal elements of B must be set to 1,
For example,

2 4 5 1 3 1 2 3

of o ¢ o 0! o] {1 0 o

4l ca c5 Ce o:o B=2[1 1 0o

A= 51 0 C7T 0 o ! o 3{1 1 1

(permuted form) \ ['~a™ g o [ c2 | 0

3|cit 0 o0 ,Clof C1

The B matrix is checked to see which column has the most zeroes. Then the block
of A corresponding to that column is placed in the first pogition, and that row and col-
umn of B are eliminated. Thus, in this example, the third block of A is placed in the
first position, and B is changed by eliminating the third row and third column, result-

ing in

1 2

111 0
B_

211 1

The process is repeated; for example, the second block of A is placed in the second
position and the second row and column of B are eliminated, resulting in

1

B = 1

Finally, the first block of A is placed in the third position. The fingl A is now in the
correct block-diagonal form with the irreducible blocks on the diagonal.
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OO0 0

(e Eala

10

29

3D

42

50

50

sfct |ciotcit o o]
1l o | calcs co o
A (final form) = 2} O l 0 ¢ C3 0
4l o | o {ca c5 c6
|
cT 0
510 00 o !

Listing of Subroutine REDU

SUBROUTINE REDU (VARU'SS'S;[N,JBL.INBK,IOR,NBL,IBLgJMAX,N,NMAX)

PUEr———— e T L L L kbl Skl e e gk ok ok ek
HARARYS METHOD FUR REDUCTION UF A REDUCIBLE MATRIX TO BLOCK

DIAGONAL FORM., REDU CALLS NO SUBROUTINES.
e e o o e R R RO R S AR R R R R o e dORR K e 4 e e Al ok

ODIMENSION VARO(NMAX,1)s SSINMAX,11, S{NMAX,11 s IN{1)y JBLIL),
1 I0R(1)y NBL(L)s IBLCL)}y JMAXLL)

INBL = O

po 5 1

INCIY =
JBLCT)
IGR{T)
NELLD)
JMAX(E) = O
IBL(IY = O

= 1+N
0
0O
0

[T T |

o

TAKE § MATRIX WHICH IS VARD MATRIX YO THE N~1 POWER IN BOOLEAN

cc 1ig I = 1|N

INCTY = 1

CC 10 4 = 1N

55(1,J0 = VARO{I,J)

IF (N .GT. 2) GO 7O 30

pe 20 J 14N

G 20 1 LN

S{Iyd) = 0.0

IF {VARO{I,3} W NE. 0.0} Siledd = 1.0

[ ]

CONTINUE

GO TO 80

Nz = N - 2

BC T¢ L = LyN2
o &6 I = le
DC 60 K = l4N
SiKy 1) = 0.0

CO 40 J = 1M

IF (VARD(KysJ) NE. 0.0 <AND. SS(Js1) «NE. 0.0) GO TO 50
CONT INUE

cO TO 60

SIKy 11 = 1.0

(IRIGIDLQL‘IEACHE
OF POOR QUALI'PXI?



OO

&2

72

&0

90

100

110

122
130

140

150

160

CONT INUE
O 7¢ J = I'N
CO 76 I = 14N

S5(I,4) = SlIsd)

FIND EQUIVALENCE BLDCKS AND [DENTIFY

[l

KSUMO = KSUM

DO 130 I = 1sN

00 130 J = 1N

IF (I EQ. J) GO 7O 130
IF (S{I,J) NE. StJdeI))

IF {(S{I,J) .£Q. 0.0 +AND. S{J,I)
IF (KSUMO JNE. KSUM) GO TO 100
IN{1) = 0

IOR{KSUM} = I

INtJY = 0O
ICR{KSUM+1} = J
KSUM = KSUM + 2
GG TO 130

K1l = KSUM = 1

DO 110 L = KS5UMOD,4KL

IF {I0R{L} .NE. I) 6O TO 110
IF (INUJ) .EQ. O} GO TO 130
INCJ) = O

IOR{KSUM) = J

KSUM = KSUM + 1

CONTINUE '

L0 120 L = KSWMO,KL

IF {IDR{L)} .NE. JI
IF {IN{I} .EQ. O)
IN(IY = O
IOR{KSUM) = 1

KSUM = KSUM + 1
CONT INUE

CONTINUE

IF {KSUMO .NE. KSUM) GO TO 150
CoO 140 I = 14N

IF (INUID EQ. 0) GO TO 140
MeL(INBL } | N

INBL = INBL + 1

ICRIKSUM) = [INtI)

G2 TO L20
GO TO 130

INtI) = 0

KSUM = K5UM + 1
CONTINUE ‘

INBL = INBL = 1

KSUM = KSUM - 1

GC TC 189

NBL{INBL) = KSUM - KSUMD
NSUM = O

CC 160 1 = l,INBL
NSUM = NBL{I} + NSUM
CONT INUE

IF (NSUM .NE. NI
KSUM = KSUM = 1
€0 TO 180

GO TO 170

GO TO 130
IF {INGEY JEQ. O «AND. INUJ) LEQ.

o
.E0.

GO TO

0.01]

130 ,
GO TO 130
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170

OO

180

190

200

210

220

OO0 OOO0n

239

235
245
240

52

INBL = INBL + 1
c0O 7C 90

REARRANGE MATRIX TO FORM EQUIVALENCE BLOCKS

BC 160 I = 1N

K = IDR(I}

CO 190 J = 1«N
SS(I,Ji = VARQ{K'J'
£LC 200 J = 14N

K = 10R(J)

€0 260 1 = 1N
S‘IrJ' = SS!I'K!

MAKE BOOLEAN MATRIX FROM EQUIVALENCE 8LDCKS

NSUM = 0

Cec 210 L = 1.INBL
NSMOLD = NSUM + 1
NSUM = NSUM + NBLI(L)
JEUM = D

CO 210 K = 1,INBL
JEMBLD = JSUM + )
JSUM = JSUM + NBL (K}
SS{LeKY = 0.0

CO 210 J = JSMOLD.JSUM

DO 210 [ = NSMOLD,NSUM

IF {S(I,d% +NE. 9.0} S5S{LsK) = 1.0
CONTINUE

£0 220 I = 1sINBL

IBL1I) = NBL{I)

IF (SS(I41) NEo 1,31 S8S5{I.1} = 1.2
CONT INUE

REARRANGE EQUIVALENCE BLUOCKS IN ORDER OF BOULTAN COLUMNS WITH
BECREASING NUMBERS OF Z8ROES

S = MATRIX IN EQUIVALENCE BLCCK ORDER

INBL = NUMBER OF EQUIVALENCE BLOCKS

NBL{I)} = SIZE OF ITH BLOCKs {1 = ls.a..INBL)
IBLUIY = NBL(I}
ICR(J) = NEW ORDER OF ROWS AND COLUMNS QF S IN CCMPARISON

HITH VARO' ‘J = 1'.I.Nl
§S = BOOLEAN MATRIX OF EQUIVALENCE BLOCKS IN §

INBLL = INBL = 1
INEW INBL
INUM

P
=
I
E
I I
([l g )

0
D0 250 J = 1,INBL

bt
]
m
=
1]
o

DD 240 I = 1sINBL

IF {INUM JED. O) GO TO 245

CO 235 JJ49 = 1,INUM

IF (J EQe JMAX(IJIIY) GU TG 250 °

IF (1 EQ. JMAX(JJJI} GO TO 240
CCNTINUE

IF (SS1I,3) EQ. 0.0) [ZER = JZER + 1
CONT INUE



IF (IZER .LE. IZERMX) GO TG 252
IZERMX = 12ER
IMAX = J
250 CONTINUE
INUM = TNUM + 1
JMAXTINUM) = IMaX
KBL = INBL = INEW + 1
[f {IMAX .EQ. G) GO TO 260
JEL(KBL) = [BL{IMAX)

IBL{ IMAX ) = O
GO TO 2340

260 DO 280 I = KBLyINBL
Ce 270 J = 1,INBL

IF (IBL{J) <EQ. 0) GO TO 279
JBL{IY = IBLY)
IBL(J) = O
GO To 280

270 CONTINUE

280 CONTINUE

250 IF (IZERMX .EG. 0} GC TO 3490
NSUKM = 0
00 300 1 = 1,IMaXx

300 NSUM = NSUM + NBLI{I)
NSMOLD = NSUM = NBL{IMAX} + 1
CO 310 I = NSMOLD,NSUM
J = IVAR # I = NSMOLD
INCJ) = [DR{1)

313 IGRiIY = O
IVAR = IVAR + NSUM - NSMOLD + 1
INEW = INEW = 1
IF {INEW «LE. O} GO TO 3790
GO TO 230

340 DC 360 I = 14N -
IF (IN(I1} JNE. 0} GO TO 388
DO 350 J = 14N
If (IOR(J) .EQ. O} GO TO 350
IN{YY = IOR(JY
ICRLJE = O
GO0 TO 36C

350 CONTINUE

360 CONTINUE

RPEARRANGE ROWS AND COLUMNS OF ORIGINAL MATRIX VARD TO FORM FINAL
MATRIX S IN BLOCK DIAGONAL FORM

laBealelel

370 CONTINUE
CC 380 I = 1,INBL
380 NBLII) = JBL(I)
DO 380 I = 1,N
ICR{I} = IN(T)

K = IOR(I)
B0 290 J = 1,N
390 SS(IyJ) = VARD(K,d)
DO 400 J = 1.4M
K = I0OR(W)

CO 400 1 = 14N
400 5{1sJ1) = SS(1I4K)

RETURN

END



Description of Subroutine SCALE

Subroutine SCALE transforms an irreducible N2XN2 matrix A; by using a diagonal
matrix TS, so that the norm of A is minimized. The purpose of using subroutine
SCALE is to condition A so that accuracy is improved in taking its eigenvalues. The
resulting scaled matrix is stored in A, Subroutine SCALE calls no subroutines. See
reference 9 for further description.

The subroutine statement for SCALE is as follows:

SUBEOUTINE SCALE (A,TS,N2,I0P1,N2HAX)

The input variables are
A(N2,N2) matrix to be scaled
I0P1 controls printing option

The input integer dimensions are
N2 size of matrix to be scaled
N2MAX dimension, greater than or equal to N2

The output variables are
A(N2,N2) input matrix in scaled form
TS(N2) vector containing the diagonal elements of the diagonal scaling matrix

There are no error messages output from this subroutine. K IOP1 is not equal to
zero, the TS vector is printed with the heading

TS, SCALING TRANSFORMATION MATRIX ELEMENTS

Listing of Subroutine SCALE

SUBROUTINE SCALE (A,TS,N2,I10P14N2ZMAX)

C
c o ot el e o ke sk e ek o s et e ke e ot e 3ok oo ok e e ook ool sl o e e o o R e ok ok kR K
C SCALE TRANSFORMS N2 BY N2 MATRIX A USING DIAGONAL MATRIX TS SO
C THEAT THE NORM OF A IS MINIMIZED. THE RESULTING SCALED MATRIX IS
C STORED IN A. SCALE CALLS NO SUBROUTINES.
c e o e e e e e e e el et ook s o sk oo e e e o oo ok ok o o e ok ek ol ol oo o e e ok ke o ok
C
CCUBLE PRECISION  YNUM, XDEN
C
CIMENSION A(NZMAX,1},y T5(1)
c

CGC 10 I=14N2
10 TS5{I1}=1.0
29 K=0

FLAG=1.D
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30

40

50

60

10

80
30

10¢

i19
12¢0

130
40

K=K+} -
¥YNUM=0.000

XLEN=0.0DO

BEC 40 I=1,N2

IF (1.EQ.K) 6O TO 40
YNUM=YNUM*A (T, K)I*A (] 4K}

KOEN=XDEN+A{Kgs I)2A(K,I)

CCNTINUE

SC=YNUM/XCEN

SC=SC#%, 25

IF (K.EQ.N2) GO0 TO 60

BO 50 J=1sN2

BC 50 I=1,N2

IF (T.NE.K.ANDLJLNEL.K} GO TO 50

IF (T.EQ.KANDJLEQ.K) GO TO 59

IF {(TeNEWKANDod JEQaK) AL J)=A(I4J)/5SD
IF {T.EQ.KANDaJoNELK) A(T  33=A(T,J0%5D
CONT INUE

TS{K}=TS(KI*=SD

GU TG 90

CONTINUE

DO 7CG J=1,N2

EC 70 I=14N2

IF {1.NEL.KANDLJILNELKY GO TO 70

IF (14EQ.KANDJJ.EQ.K) GO TO T

IF (TaNEKANDWJFQaK) A({T 231 =A{1,4J)/5D
IF (1.EQuKaANDLJNELK) A{I 3 =A(I,J)%5D
CONT INUE

NNZ=N2=-1

DD 80 I=14NN2

TSCI)=TSLIIZSD

CONTINUE

IF TS HAS NOT CHANGED BY MORE THAN 10 PERCENT, SCALING IS COMPLETE

IF {(SD.LT.1.1.AND.SD.GT..90) GO TO 100

. FLAG=0.0

IF (K.LT.N2) GO TO 30
IF (FLAG.EQ.1.0) 6O TO 110
GC 70 20

- BC 120 I=14N2

TS(I)=1.0/T5{1)

IF (10P1.EQ.Q) RETURN

WRITE (641301

WRITE (6,142) (TS(I},I=14N2)
RETURN '

FCRMAT { 1X,42HTSy SCALING TRANSFORMATION MATRIX ELEMENTS )

FORMAT (1X,1P10E 12.3/3X,1P10€12,.3)
END

Description of Subroutine EIGQR

Subroutine EIGQR computes the eigenvalues of a real matrix XR, by using the QR

algorithm of Francis (refs. 16 and 17). The input matrix must be in upper Hessenberg
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form. The maximum number of iterations of the QR algorithm used in finding an
eigenvalue is 50. Subroutine EIGQR calls no subroutines,
The subroutine statement for EIGQR is as follows:

SUBROUTINE EIGQR (¥R,N2,(CR,CI,IOP,N2MAX)
The input variables are
XR(N2,N2}) input matrix in upper Hessenberg form
0P controls printing option
The input integer dimensions are
N2 size of input matrix
N2MAX dimension, greater than or equal to N2
The output variables are
CR(N2) real parts of eigenvalues
CI(N2} imaginary parts of eigenvalues

There is one error message from subroutine EIGQR. I it cannot find the eigenvalue
or eigenvalues in 50 iterations, it prints

THE FOLLOWING ANSWER(S) DID BOT CONVERGE

K IOP is not zero, the output from subroutine EIGQR prints the list of real parts and
imaginary parts of the eigenvalues with the number of QR iterations associated in ob-
taining each one. The heading is

REAL PART IMAGINARY PART ITER

Listing of Subroutine EIGQR

SUBROUTIME EIGOR (XRyN24CRyCI4I0P¢N2ZMAX)

C
C 35t o s e e s e e ok ofe e e e ok o e ot e ok e o el o o s et ofe e g kol s e ok ol o e kol R R ROk K
C EIGQR COMPUTES THt cIGENVALUCS USING THE QR ALGORITHM. THE INPUT
C MATRIX MUST BE IN UPPER HESSENBERG FURM. THE MAXIMUM NUMBEP OF
C ITERATICNS IS 50. EIGQR CALLS NO SUBRDUTINES,
c 4 3k ek ok ok ol ko e ok ok kool deodeo sk ok kot sl oo o kR R ol ol Rl ol R K R e
C

CIMENSION XRUN2MAX, 1)y CR(L1}, CIC1), PSI(2), GR(3)
C

FPZ=1.0E~15

N=N2

00 10 I=1,N

CR{I)=D.0
12 CI{1¥=0.0

IF {I0P) 20,330,420
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29
30

40

50
60
TQ

80

90

100
110

120
13¢

140

150

160

170
18¢

190

200

210

220

WRITE {(6,8001
ZERO=0,.0

JJ=1

XNN=0(Q,0

XN2=0.0

AA=0,0

B=0.0

C=0.0

OD=0.0

R=0.,0

51G=0.0

ITER=0

IF (N=2}) 50,100,110
IF (IOP) €0, 70,460
WRITE (648101 XR(L,1}
CRULI=XR{1l,1)}
CItl)=0.0

CONTINUE

NE=N2/2

CC 39C I[=1,NE
NN=N2-1+1

B=CR{I})

C=CI{1)

CR{IJ=CR (NN}

CIH{ II=CI(NN)}

CR{NN)=B

CILINNY=C

RETURN

JJ=—1
¥Y={XEAN= Lo N~ 1I=XRINyN) ) ®R%2
Sz4 J0%XR INy N~ 1% XR [N~1,N) v
ITER=ITER+1

IF (ABS(S)=Y¥*].0E-8) 120,120,150
IF (ABS{XR{N~-1yN—-131-ABS{XRIN,N))) 140,130,130
E=XRIN=1yN=1)
C=XR(NyN)

GO TC 150
G=XR{N=-1e¢N—-1}
E=XR{N,N}

F=0.0

F=0.0

GO TO 230

T=Y+$§

IF (ABS{T)=AMAXL(Y,ABS{S)}*1.06~6) 170,170,180
T=0.0 )
Y=XR(N=1yN=1}+XR INyN}
SQ=SORT{ABS{T))

IF {T} 22C,190,19¢C
F=0.0

K=0.0

IF (Y} 210,200,200
E=(Y-5Q1})/2.0
G=(Y+5Q1/2.0

CC 70 230
G=(Y=-5Q)/2.0

E=(Y+5Q) /2.0

GC TO 230

F=5Q/2.0

E=v¥/72.0
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G=E
k==F
230 IF t4J) 250,240y 240
240 C=1.0E-10% {ABS(GI+F)
If (ABS(XR(N=1,N=2}1.GT.D) GO TO 280
250 IF (I0P) 260,270,269
260 WRITE (65810) €4F,ITER
"WRITE (648100 G,H
270 CR(N)=E
CI(NI=F
CRIN-1}=6
CI{N-1)=H
N=N-2
IF (JJ) 80540,40
280 IF (ABS{XR(N;N=1)1.GT.1,0E=10%ABS(XR(NyNII] GO TO 320
290 IF (IDP) 300,310,302
300 WRITE (6,810) XRUNJNJ,ZERDITER
310  CRIMNI=XR (N,N)
CI{NI=0.0
N=N-1
GO TO 40
320 VQ=ABS{XR(NyN=~1})=ABS{XR{N=1,N=-21}}
IF (ABS{ABS{XN2/XR(N=1,N-2))~1.0)=1.0E~6) 340,340,330
330 IF (ABS(ABS{XNN/XR(NyN=1))=1.0)~1,0E=6) 340,340,350
340  IF {VO) 290, 250,250
350 1F LITER.LT.50) GO TO 360
WRITE (648201
~ IF (vQ) 290,250,250
360 IF {ITER.GT.5) GO TO 380
Z1=ABS{E-AA) +ABS(F-B)=.5% (ABS(E) +ABS(F})
72=ABS(G-C)+ABS(H~DD )= 5% (ABS(G) +ABS (H})
IF (Z1) 370,400, 400
370 IF (Z2) 380,390,390
380  RSEXG-F*H
S 1G=E +6
6C TO 430
390  R=E*E
S1G=E+E
GG TO 430
400  IF (22) 410,420,420
410 R=CXC
$16=6G+G
GO TO 430
520 R=0.0
S16=0.0
430  XNN=XR{NsN-1}
XN2=XR (N=14N=-21}
N1=N-1
1A=N-2
1P=1A
IF {N=3) 480,480,440
440 DO 470 J=3,N1
J1=N=J ‘
IF (ABS(XR(J1#1,J11)=D) 480,48G,450
45C  DEN=XR{J141yJL1)%IXR{J141,J1¢1)=SIGI+XR(JILrLyJL+2)RXRIJ142,J14114
1R ‘
IF {DEN) 4€0,470,460
460 IF (ABS(XR(J1#1,J1)*XREJ1#2, 314111 *(ABS{XR (JL+1,J1¢1) #XRIJ142, 5142
. 11=-SIGI+ABSIXREJL+3,J142) ) ) —ABS(DEN)I*D) 490,490,470
47 1P=J1
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48¢C

490
500
510

520

530

540

554

560
570

580

590

60C
610
620

6340
640

650

66C
670

IC=1p

GG TO 520

IPl=1P-1

I9=1pP1

IF ¢IP1-1) 520,526,500

CO 510 J=2,I1f1

J1l=1p=J+1 ’
IF (ABS(XR{J1+1,J1))=0D) 520,520,510
IQ=10-1

o0 79C I=1P,N1 _

IF (I=-1P) 54C» 530,540

GROLY=XRUIP,IP)E (XRUIPHIPI=SIGI+«XR{IPIP+1I*XRIIF+1,[P)+R

GRIZ2)=XA(IP+1, 1P b (XRIIPLIPI#XR{IP+L,IP+1)-5IG)
GR{3)=XR(IP+1, IP J*XR{IP+2, IP+1)

XR(IP+2,1IP)=0.0

GC TO 570

GROLI=XR(I,I-1)

GR{Z2)=XR(I+1,I-1}

IF ti=IAa) 550,550,560
GR{3)=XR(TI+2,41-1)

GO TDO 570

GR13)=0.0

CONTINUE

IF {(ABS{GR(LI}LTLFPZ} GR{1L)=0.0
IF (ABSIGR(21).LT.FPZ} GR(2)=0.0
IF {ABS(GR{31)LTLFPZ) GRI3}=0.0
XK=SIGN{SQRT(GRE LI** 2+ GR (2 )% 24+GR(3) %%¥2) ,GR{1 1))
IF (XK} 580,590,580
PSI(LI=GRI2I/{GR{1I+XK])
PSI(2)=GRI3)1/{GR{1)+XK}

IF (ABSIPSI(1)).LTLFPZ) PSIL)=0.0D
IF (ABS{PSI{2)).LT.FPZ} P5I{2)=0.0
AL=CR(1)/XK+1.0

GG TO 600

AL=2.0

PSIC(1}=0.0

PSI{2)=0.0

IF (1-10) 6104+640,6190

IF {I=IP) 630,620,638
XR{I,I=1)==XR{Iy[-1)

GO TO 64C

XR{IyI=1)=-%K

DO 690 J=14N

IfF (I~N1) €5C,€60,5660
DR=PSI(2)1%XR{1+2,J)

G0 TO 670

CR=0 -O
ER=ALF({XR{I,JI+PSI{LI*XR({+1,J)+DR)
IF (ABSIER}.LT.FPZ}) ER=0D.D
XR{TpJI=XRI(I4J)I-ER
XR{I+1yJ)=XR{1+1,J}1=PSI{1)*ER
IF (I=-N1} £80y690,690
XREI+2,J)=XR{1+2,4)=~PSI (2} *ER
CONTINUE

1F (I=N11) 700,710,71C

L=1+2

GO TC 720

L=N

00 770 J=1QsL
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IF {1-N1) 730,740,740
730 DR=PSI(2)*XR (Jy1+2)
6G 1O 750
74¢  CR=0.0
750 ER=ALR(XR{Jy 1)+PSTLLI*XR(J,T+1)+DR)
IF (ABS(ER).LT.FPZ} ER=0.0
XR (Js TI=XR (Jy [ 1=ER
XR(Jy T#1)=XR (Jy I+1)-PSI(1) *ER
1F {I-N1) 760,770,770
760 XR{Jy 1+#2)=XR(J41+2)-PST(2)*ER
770 CONTINUE
IF (I-TA) 780,799,790
780  ER=AL*PSI{2)*XR(1+3,1+2)
IF (ABS{ER).LT.FPZ) ER=0.0
XR{ 143, 1 )=~ER
XR(I+43,1+1)==PSI(1)*ER
XR{T143,142)=XR(I+3,1+2)~PSI(2)*ER
790 CONTINUE
Aa=E
B=F
C=¢
ED=H
GG TO 110

8040 FORMAT (///71Xs9HREAL PART, 86X, i4HIMAGINARY PART »45X44HITER//)
8icC FORMAT (1XytE 1548y 3XyEL548442%Xs131
820 FORMAT (1X,40HTHE FOLLOWING ANSWER(S) DID NOT CONVERGE!

END

Description of Subroutine ORDER

Given a set of NE eigenvalues stored in vectors CR and CI and symmetrically
located with respect to the imaginary axis, subroutine ORDER places ones with positive
real parts in the first NE/2 locations of CR and CL Corresponding symmetric
eigenvalues with negative real parts are placed in locations (NE/2) + 1 through NE of
CR and CIL The convergence criterion EPS is used in determining if a pair of eigen-
values is symmetric. Subroutine ORDER calls no subroutines.

The subroutine statement for ORDER is as follows:

SUBROUTINE ORDER {CR,CIL,NE,EPS)

The input variables are

CR(NE) real parts of eigenvalues (not ordered)
CI(NE) imaginary parts of eigenvalues (not ordered)
EPS criterion for symmetry

The input integer dimension is

NE nimber of eigenvalues
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The output variables are
CR(NE) real parts of eigenvalues (ordered)
CKNE) imaginary parts of eigenvalues (ordered)

There is one error message from this subroutine. When an eigenvalue pair
(J\i,lj), where A; = a; +jg;, 1s not symmetric within the € criterion, that is,
[(I aii - Iarjl)/[ ail} = ¢, the program will stop and the following message will be
printed:

EIGENVALUES ARE NOT SYMMETERIC

There is no other printed output from this subroutine.

Listing of Subroutine ORDER

SUBRDUTINE ORDER (CR,CIWKELEPS)

c .
C e % e e o e ok e o e e ook o e kol A o kM ok o e o e aeade st e e e ok el ool e ol ol el e o ofe e ol e ot e e ode e ol e e e
C GIVEM A SET OF NE EIGENVALUES, SYMMETRICALLY LCCATED WITH RESPECT
C TO THE IMAGINARY AXIS. GRDER PLACES ONES WITH POSITIVE REAL PARTS
C IN FIRST NE/2 LOCATIUNS. CORRESPONDING SYMMETRIC EIGENVALUES
c WITE NEGATIVE REAL PARTS ARE PUT IN LUCATICNS NEF2 + 1 THRU NE.
c EPS 15 CONVERGEMCE CRITERION USED IN DETERMINING IF PAIR OF EIGEN~-
C . VALUES ARE SYMMETRIC. ORDER CALLS ND SUBROUTINES.
C e ok oot e oo e e e ok deai ool o sk e o ol e ofe ek e okt e e e o ol o o ok o e e ke o oo o ol K o A RO R R R ok
C

DIMENSIOMN CR{l), CIC(1)
C

NEZ=NE/2

KMAX=NEZ2+]

IMAX=NES+1

K=0Q
C
C PUT FIGENVALUES WITH POSITIVE REZAL PARTS IN TOP HALVES OF CR AND
C CI AND REST IN BOTTOM HALVES
C
10 K=K+]
23 [F (K.EQ.EMAX) GO TO 40

IF (CRIK).GT.D.0Y GO YO 19

TCR=CE (K}

TCI=CI(K)

I=K+1
a0 L=I~1

CRILI=CR(T}

CI(LI=CI{T) -

I=1+1

IF (I.NE.IMAX)Y GO TO 30 -

CEI{NE)=TCR

CI{NEI=TCI

GC TO 20

40 CONT INUE



K=C

REARRANGE EIGENVALUES WITH NeGATIVE REAL PARTS S0 THAT
CR(I + NE/2) = =CR(D)

soOOoOOO0

0 K=K+l
L=NE2+K
I1F (K.EQ.KMAX) GO TO 832
60 IF (ABSL(CRUKI#CRILIIZCR{KIILLTLEPS) GU TO T2
L=L+l
IF {(L.EJNEY GO TO 60
WRITE {64501}
SToP
T0 TCR=CRIL}
TCI=CI{L}
M=NE2+K
CRILI=CRIM)
Cl(LY¥=C1liM)
CR{M)=TCR
CIMI=TCI
GC 10O 50
80 CONTINUE
KETURN

[0 FORMAT ([ 1X429HEIGENVALUES ARE NOT SYMMETRIC)
END

Description of Subroutine EGVCTR

Subroutine EGVCTR obtains the N2xN2 modified eigénvector matrix X, given the
real input matrix AAA and its eigenvalues CPR and CPI, The modified eigenvector
matrix differs from the eigenvector matrix only in that where a complex pair of eigen-
vectors {columns) would occur in the eigenvector matrix, the corresponding two columns
in the modified eigenvector matrix contain the real plus the imaginary parts and the real
. minus the imaginary parts, respectively. The internal variable IEND specifies the num-
ber of passes which will be made through the inverse iteration algorithm in obtaining
each eigenvector. It is set nominally at 4. Subroutine EGVCTR calls subroutine
PRMUTE and the IBM SSP subroutines FACTR and ARRAY.

The subroutine statement for EGVCTR is as follows:

SUBROUTINE EGVCTR (AAA,CPR,CPI,X,N2,TT,EXT,AR,RI,
IPERN,IPER, JOPZ,N2KAX)

The input variables are
AAA(N2 N2) matrix for which eigenvectors are to be obtained
CPR(N2) real parts of eigenvalues of AAA
CPI(N2) imaginary parts of eigenvalues of AAA
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I0P2 controls printing option 'l ~
The input integerrdimer‘isions are

N2 size of matrix for which eigenvectors are to be found

NZMAX dimension, greater than or equal to N2
The output variable is

X(N2,N2) modified eigenvector matrix of AAA
The temporary storage arrays are

TT(N2,N2) |

EXT(N2,N2)

AR(N2)

AI(N2)

IPERN(N2) integer

IPER(N2) integer

¥ IBM SSP subroutine FACTR finds that the matrix cannot be factored, it returns
with an error signal, Subroutine EGVCTR reads this signal and, if there is an error, it
prints a message, I it is a real eigenvector, it prints

FACTR IS WRONG
It it is a complex eigenvector, it prints
FACTR 2 IS WRONG .
¥ I0P2 is not 0, the modified eigenvector matrix is written with the heading
MODIFIED EIGENVECTOR HATRIX OF AAA . ‘
Subroutine EGVCTR uses i:he inverse iteration method of Wilkinson (ref, 13) to

solve the eigenvector problem Aq = Aq, givenan nxn matrix A and an eigenvalue A,
The inverse iteration algorithm for finding g is given by Wilkinson as

(A _ ADZIH’A]‘ = ql (37)
. i+l
ot 2 (38)
(z1+1>
max
where (zi"' l)max is the element of zl+1 having the largest magnitude and qi is the ith

approximation to the eigenvector q. Initially, q0 is chosen to be all ones, Vector qi
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Fod

usually converges to the true eigenvector after only a few iterations. Since (A - D is
almost singular {except for computational errors), it is not inverted in solving for g1+l
but (as suggested by Wilkinson) is factored into lower and upper triangular factors, L
and U, by using IBM SSP subroutine FACTR. Subroutine FACTR obtains L and U
such that

P(A -AD) = LU (39)

where P isa permutation matrix accounting for row interchanges which occurred in
performing the factoring. Once the factors are obtained, it is easy to solve equation
(37) for 2%l To do this, we can write

i

P(A - ADZ*) = pq (40)
K we let
yi+1 - Uittt (41)
then
Lyi+1 _ Pqi | (42)

which can be solved for yi+1 by using forward substitution (solving first for the first
element of yi+1). Having obtained yi+1, we cbtain zi+1 by back substitution {solving
first for the last element of z*1). The iteration is continued until g ~ g*! (three or
four iterations have been found to suffice). Note that IBM SSP subroutine FACTR need
only be called once for each value of A,

The preceding algorithm can be used either for A-real or A-complex, However, to
avoid using complex arithmetic for the complex case, equations (37) and (38) can he ex-
panded as follows: let X = a + )3, where B = 0, and its corresponding eigenvector
G=qg + qu. Then we can write

[A - oD - ip1)(zg " + j2i*Y) = ok + ia} (43)
and
i+l . i+l
) . Zy  + JZ
ag * + dag = R (44)

( i+1) ( i+1)
Z +ijlz
R /max 1/ max
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Following Wilkinson, equation _(43) can be expanded and separated into two equations, re-
sulting in

Cz! < Dag, - paj (45)
and
1+1 le+1 il (46)
where
c2F1.a - an? (47)
and
D2A-al (48)

Matrix C can be factored (as was done previously for A in the real eigenvector case)
as PC = LU. Then we can write

1+1 i+1
Yp = Uzp (49)

so that equation (45) becomes
Lyy * = PDak - Pgql | (50)

Now equation (50) is solved for yi{{ 1, and then ZE' 1 is solved by means of back substi-

tution while using equation (49). Next, equation (46) can be rewritten as

i i+l
. an - Dz
Zi+1 _ R - R (51)

which can easily be solved for zi*'l.

Then, equation (44) can be expanded into the two equations

zg-l (z%-{l-l) + z]i:+1 (zi+1)

i max max
g = (52)
R i+l 12
max
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and

- i+1 7 i+1 i+l / i+l
)
qr= . 2 )
Izl+1 I
max

which are solved for qi2 and qu.

Subroutine EGVCTR stores the resulting eigenvectors in matrix T in column form,
However, complex conjugate pairs of eigenvectors (for instance, Qg * qu) are stored
with dR + 9 in the first column and dp - 9 in the second. The matrix T is then
actually the modified eigenvector matrix, that is, it satisfies

AT = TA (54)

where A is the block-diagonal form of A, described as

[
oy 0

Qg “|33|
A= (55)
|B3I Gg

Here, one typical complex eigenvalue pair, (a3 + j|33]), is shown along with two real
eigenvalues.

Listing of Subroutine EGVCTR

SUBROUTINE EGVCTR {AAA CPR,CPI ¢X N2y TToEXT AR AL+ IPERNYIPER, I0P2,
INZMAX )}

e e e oo e e ol okt e ol et Bl 000 e o e el N B ot ol e st ok ok o ot o el oo ke e e e o ol e sk o o o ok o gl
ECVCTR OETAINS THE N2 BY N2 MODIFIED EIGENVECTOR MATRIX X, GIVEN
INPUT MATRIX AAA AND ITS EIGENVALUES, STORED IN CPR AND CPI. IEND
SPECIFIES THE NUMBER OF PASSES THRU THE INVERSE ITERATION ALGO=-
RITHM, EGVLTR CALLS SUBRUUTINE PRMUTE AND IBM SS5P SUBRIUTINES
FACTR AND ARRAY.

s et e ek ot e et o ol o ol oo e e o o s ool o o e ok e b o o o St e s e o e ok ok oK AR e ok

PO OOOODIO0
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e NaREaN,]

60

13

FNeNalel

J

100

C

CCuBLE PRECISION SUM, SUM1 -

DIMENSION AAA(N2MAX,1)y CPR{L)y CPI{1), X(N2MAXyLl), TT(NZMAXs1l,
LEXTINZMAXy 1)y AR{1)y AIC1), IPER(L1)}, IPERN{1) :

CO 10 Jd=1,N2
0C 10 I=1,4N2
X{lyd¥=1.0
TEND=4

L=1

IF (L.GY.N2) 60 TO 450 .
CO 30 J=1,N2

EC 20 1=1,N2

EXT{T,J)1=AAA(T1,])

IF (1.6Q.40) EXT{Iy I} =EXTUI 4 J)=CPRIL)
CONTINUE

IF (CPI{L$.NE.Q.O) GU TO 180

CALCULATE REAL LIGENVECTOR
FACTOR LHS MATRIX INTO LOWER AND UPPER TRIANGULAR FACTORS

CALL ARRAY (2,NZ2,N2,N2MAX s N2MAXyEXT,HEXT)
CALL FACTR (EXTyAR,N2¢NZyIER)

CALL ARRAY (1,N2,N2sN2MAX,N2MAX,EXTLE XT)
€0 40 I=1,N2

IPERN(I)=AR(I}

IF {IER.NEL3) GO ¥O 50

WRITE {6,490

CONTINUE

CHECK FOR ZERDOS ON DIAGONAL OF UPPER TRIANGULAR MATRIX
=

EC 8D L=1,N2 '

IF (EXTUL,11.NEL.D.O) GO TO 8D

[I=1+1 :

AMAX=ABS{EXT(I,I11}) )

IF {II.GE.NZ2Y GO TD 60

1I=142

LO 70 S=I1,N2

IF (ABSUEXT(I,J) ).GT.AMAX) AMAX=ABS(EXT{I,J4)) -

CONT INUE

EXT(I,Id=,5%AMAX /{2, 0%%35)

CONTINUE

ITER=0

GO TO 130

GO 7O BACK SUBSTITUTION PHASE

ITER=ITER +1

IF (ITER.NELIEND) GO TO 109

L=L+1

GC TO 20

CONT INUE

CALL PRMUTE (XyIPERN,yIPERyN2yLsNZMAX)
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110
120

= OO0

140
150

160

170

OO0

200
21¢

220

230

68

BEGIN FORWARD SUBSTITUTION

DO 120 I=24N2

M=]~1

SLM=x(I,L)}

CC 110 J=14M
SEM=SUM=EXT(I, J1*X(J,1)
XCTeL¥=5UM
XINZsLI=X(N2,L)/EXTINZ,yN2)

BEGIN BACKWARD SUBSTITUTION

CC 150 I=2,N2

J=NZ=1+1

M=J+1]

SUM=X{Jy L)

CC 140 K=M4N2
SIM=SUM=X (K LIXEXT(J4K}
X(JgL }=SUN/EXT (I, )

1Z=1

ZMAX=ABS{X(1l,L})

CO 160 I=2,N2
ZINT=ABS{X{I,L 1)

IF {ZINT.LE.ZMAX) GO TA 160
IZMAX=Z INT

IZ=1

CCNTINUE

IMAX=X{ IZ+1)

DG 170 I=14N2
X{I+LI=X[14L ¥/ ZMAX

IF (ABS{X{IsL))eLTols0E~10) X(I4L)=2.0
GG TO 9D

CALCULATE COMPLEX EIGENVECTOR
FORM LHS MATRIX {BETA¥¥2 + [ A - ALPHA%] )%%Z |

CC 190 J=14N2

DD 1SQ I[=14N2
TI(TLJI=EXTLI N

BC 220 J=14N2

DO 210 I=1,N2

SuM=0.00D0

CC 200 K=1,4N2
SLM=SUMETT(T JKI*EXTI(K, )
AR(I)=5SUM

CO 220 M=1,N2
EXT{MyJ)=ARIM)

IF (M.EQ.d) EXTIM, $)I=ARIM)+CPI{LI*CPIIL)
CONTINUE

FACTOR LHS MATRIX INTU LOWER AND UPPER TRIANGULAR FACTERS

CALL ARRAY (2 N2 N2 NZMAX NZMAX JEXTHEXT)
CALL FACTR (EXT4ARNZ2,N2+1ER)

CALL ARRAY [ 19N2,N2yN2MAX, N2ZMAX,EXTHE XT)
DO 230 I=14N2

IPEFN(T}=ARIT)

TF (TER.NE.3) G0 TO 2490



240

25C

260

270

OO

28¢

310
324

330

WRITE (645001
CONT INUE

CHECK FOR ZERDS ON DIAGUONAL JF UPPER TRIANGULAR MATRIX

CC 270 I=14N2

AR{I)=1.0

IF [ENXT(I+I1}aNE.Q.D) G2 TO 270

I1=1+1

AMAX=ABS(EXT(I,II })

[F (T.EQ.N2) AMAX=1,0

IF (I1.GE.N2Z2) GO TO 259

11=1+2

DO 260 J=11,4N2

IF {ABST{EXT(Ip ) )GT.AMAX) AMAX=ABSI{EXT{I,]))
CONT INUE '
IF {AMAX.EQ.D.0) AMAX=1.0

EXT{Iy 1= 5%AMAX /{2, 0%%35)

CONTINUE

ITER=D

LL=L+}

GC TO BACK SUBSTITUTIGN PHASE

GC ToO 360

ITER=ITER+1

IF T1TER NELIEND} GO TO 290
GG TO 430

FERM RHS VECTOR FOR FINDING REAL PART OF EIGENVECTOR PAIR

CONT INUE

00 300 I=1,.N2Z2

ARLII=X{I.L)

ANII=X{I,LL)

DO 320 I=1.N2

SumM=C,0n9o

CO 210 J=14N2

SUM=SUMETTIT,JI%AR(J)

X{IsL)=5UM

CALL PRMUTE (X IPERNZIPERyN2,yL,NZMAX])
CALL PRMUTE (XoIPERNJIPERsNZ2yLLyNZMAX)
CO 330 I=1.N2
XOIpLi==X( L, LL)*ABS(CPIIL) ) +XII,L)

BEGCIN FORWARD SUBSTITUTION

DG 350 I=2,N2

M=]=1

suM=X(I,L}

00 340 J=1M
SIM=SUM-EXTI I, J}xX0J,L)
X{1sL)=5UM
XINZ2eL)=XIN2yLISEXTINZ N2}

BEGIMN BACKWARD SURBSTITUTION
CC 380 I=24N2

J=N2=1+1

M=J+1
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370
38¢

3930
400

410

420

430

440

OO0

460

470

480

70

SUM=X{J,1)

DO 370 K=MgN2
SLM=SUM= X (K LY*EXT{J K}
X{dyL)=SUM/EXT LI+ )

CO 4C0 I=1eN2

SUM=ARI 1)

LC 390 K=1,N2
SUM=SUM=-TT{I ¢KI*X (KoL)
XTI, LL)=SUM/ABSICPTIILYY

REGIN NODRMALIZATION OF EIGENVECTORS

172=1

IMAX=XC Lo L M XTI T LI #X (L L L)*X(1 L LD

00 410 I=24N2

ZINT=X{ I L)X C g LY #X (T LLY#X L 4L LY

IF (ZINTL.LELZMAX) GQ TO 4190

IMAX=ZINT

12=1

CONTINUE

XRMAX=X{IZ4L)

XIMAX=X{17Z,LL)

OO 420 I=1,N2

XR={ X[ TeL PEXRMAX X (] L LI*XIMAX) /IMAX
XTI=(X (T LLIRXRMAX=X{ T 4LIEXIMAX)/IMAX
X{I,L})=XR

X{[LL i=X]

IF (ABSIX{I,0))abT. 1. 0E=10} X{I,4L)=U.0
IF (ABS{X{ I L)) L T.1.06-10) X{T,LL)=D.D
CONT INUE

GO TO 280

ACC AND SUBTRACT COLUMNS OF X T FORM MODIFIED EI1GENVECTUR MATRIX

CO 440 I=1,N2
SUM=X(TsL)
XULyL)I=SUM+X{T4LL)
XCIyLL b=SUM=X(T4LL)
L=le2

Gt TO 20

END CF COMPLEX EIGENVECTOR CALCULATIOCN
PRINT OUT EIGENVECTOR MATRIX

IfF (I0P2.EQ.0Q) GO TO 480
WRITE (6451014

Li=1

LLL=1D

IF (N2.LTLLLL) LLL=NZ

DO 470 I=1,M:z

WRITE {(6,520) (X{I,L),L=LLLLL)
CONTINUE

WRITE (6,530)

IF (N2.,EQ.LLL) GO T2 489D
LL=LL+10

LLL=LLL+10

GC TO 460

CONT INUE

RETURN



490  FORMAT ( 1H0y 14HFACTR 15 WRONG)
500  FORMAT ( 1MD,s 16HFACTR 2 IS WRONG)
510  FORMAT (//20X,34HMODIFIED EIGENVEC TOR MATRIX OF AAA)
520  FORMAT (1X,1P10E12.4)
530  FORMAT ( 1HO) ‘
END -

Description of Subroutine PRMUTE

Subroutine PRMUTE permutes elements in column LA of an NEXNE  matrix X, as
dictated by the transposition vector ITRANS, which is produced by IBM SSP subroutine
FACTR. Subroutine PRMUTE calls no subroutines,

The subroutine statement for PRMUTE is as follows:

SUBROUTINE PRMUTE (X,ITRANS,IA,NE,LA,NENAX)
The iﬁput variables are
X(NE,NE) input matrix
ITRANS(NE) transposition vector
LA column of X to be permuted
The input integer dimensions are
NE size of X matrix
NEMAX dimension, greater than or equal to NE
The output variable is
X(NE,NE) input matrix in permuted form
The temporary storage array is B
TIA(NE) integer

There is no printed output from this subroutine.
The method used by subroutine PRMUTE is as follows: given a set of linear equa.-
tions to be solved,

Ax =D | (56)
IBM SSP subroutine FACTR can be used to selve the eguation
PA=LU ('57)

for P, L, and U, given A, where P isa permutation matrix, L is lower triangular,
and U 1is upper triangular. Thus, if factoring is used, the original problem becomes
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PAx = Pb {58)

or
LUx = Pb (59)

This equation can be easily solved for x by forward and backward substitution (see the
section Description of Subroutine EGVCTR). Subroutine PRMUTE is used to take per-
mutation information represented by matrix P, which is output from IBM SSP subroutine
FACTR and stored in vector ITRANS, and to permute the elements of b to form Pb.
However, subroutine PRMUTE considers vector b to be the LA column of an NEXNE
matrix X,

Listing of Subroutine PRMUTE

SUBROUTINE PRMUTE 1{X,ITRANS,TA/NEsLANEMAX]Y

o kg o R S e e A0 e e A R B e R R e ol ke Rk R
PRMUTE PERMUTES ELEMENTS IN LA CCLUMN OF NE BY NE MATRIX X AS
CICTATED BY TRANSPOSITION VECTOR ITRANS. ITRANS IS PROCUCED,

IN DUR CASE, BY SUBROUTINE FACTR. IT CALLS NO SUBROQUTINES.
ke 38 0 ok 4 o e e ook ok i e oo e ool Ml ok S e et S sk Aol A% e ok g ok R R TRk

DIMENSION XINEMAX, 1)y ITRANS(L}, IA(L}

O OO0 00

G0 10 I=1¢NE
1A{11=1
D0 6C JJd=1sNE
J=NE+1-44
ITRN=ITRANS(J})
i=¢
20 I=1+1
IF {JA{I)LEQ.ITRN) GO 7O 30
GO TO 20
30 L =0
40 L=L+1
IF (IA(L)Y.EQWL)) GD TO S0C
GO TO 49
59 XTEMP=X{L LA}
X{L,LA)=X1T,LA)
X{1sLAY=XTEMP
TACL)=1ITRN
1A01Y=4
&3 CONT INUE
RETURN
END

-
o
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Description of Subroutine COVM

Subroutine COVM computes various covariance matrices that describe the system
which represents the solution to the LSOCE problem. It sets up matrices for subroutine
LYPNV (Lyapunov equation), which is then called to obtain the state-covariance matrix
XX. Then XX, the estimation error covariance PP, and the control gains KC are
used to obtain various other system-covariance matrices, These are the output covar-
iance YY, the measurement covariance ZZ, the control covariance UU, the estimated
output covariance YYEST, and the estimated measurement covariance ZZEST.

The subroutine statement for COVM is as follows:

SUBROUTINE COVM (AA,BB,HH,CC,0QQ,PP,KC,N,M,C,R,XX,YY,2Z,

ou,YYEST,ZZEST,KSIM,4,0,BSINQ,ASI ,NNAX,
WHAX,CMAX, RMAX,KSINAX)

The input variables are

AA(N,N) system matrix

BB(N, C) control input matrix

HH{M, N) measurement matrix

CC(R,N) output matrix

QQ(N, N) power spectral dénsity matrix of plant disturbance
PP(N,N) estimation error-covariance matrix

KC(C,N) control-gain matrix

The input integer dimensions are

N number of state variables

M number of measurements

C number of control inputs’

R number of outputs

KSIM (NXN + N)/2

NMAX dimension, greater than or equal to N
MMAX dimension, greater than or equal to M
CMAX dimension, greater than or equal to C
RMAX dimension, greater than or equal to R
KSIMAX dimension, greater than or equal to KSIM

The output variables are

3



XH(N,N) state-covariance matrix

YY(R,R) output-covariance matrix
ZZ(M,M) measurement-covariance matrix
Uy(C, C}) control-covariance matrix

YYEST(R,R)  estimated oulput-covariance matrix

ZZEST(M,M) estimated measurement-covariance matrix
The intermediate variables are

A(N,N) Lyapunov equation matrix

Q(N,N) Lyapunov equation matrix
The temporary storage arrays are

BSIMQ(KSIM)

ASI(KSIM, KSIM)

There are no error messages output from this subroutine, It prints the message
sk ook 2 o ok i o ok ok ok o Ao ok o A ko ok s o el ook R kR ok kR o ok

COVARIANCE MATRICES

e TR P L LR T T S RS R LRI L LS S L
and then prints these arrays with the following headings:

UU, CONTROL COVARIANCE MATRIX

XX, STATE COVARIANCE MATRIX

YY, OUTPUT COVARIANCE MATRIX

YYEST, ESTIMATED OUTPUT COVARIANCE MATRIX

77, MEASUREMENT COVARIANCE MATRIX

ZZEST, ESTIMATED MEASUREMENT COVARIANCE MATRIX

The mean-square state equation for the system obtained as the solution to the
infinite-time LSOCE problem is given as equation (17). Subroutine COVM sets up the
matrices (A - BK ) and (BK P+ PKTBT + Q) and calls subroutine LYPNV with these

matrices, obta.mmg state- covarlance matrix X, Then the various covariances are cal-
culated.

Listing of Subroutine COVM

SLBPOUTINE COVM [AAyBByHH,CCyRQ PP KCyNyMyCeRy XKy ¥Y 2L pUUYYEST,
L7ZESTaKSIMya QB SIMO AST yHMAX y MMAX ) CMAX,y RMAX, KSTHAX)
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OO0 OM

s EaleN el [w]

OO ON

OGO

30

49

59

[

e o ol d ek el oo ok ook o ol e otk e 0 o e sl e e o ol ok Ak o o A R e Aok kol o R K K &
CCVM SETS UP MATRICES FOR SUBROUTINE LYPNV {LYAPUNOV ZQ. )

WFEICH IS THEN CALLED TO OBTAIN STATE COVARIANCE MATRI X XX,

XXy ESTIMATION FRROR .COVARIANCE PP, AND CONTROL GAINS K{ ARE

USED TO OBTAIN VARIOQUS OTHER SYSTEM COVARIANCE MATRICES

o A ook o o ok ok e ok e et %ol ok 0 e oo o i i o K e ol o ol e ot Aot ok oo e R K

DOUBLE PRECISION SUML, SUMZ
INTEGER €, R, CMAX, RMAX
REAL KC

CIMENSION AA(NMAX,11, BB(NMAXs1ll, HH{MMAX,1}, CC{RMAX,1),
LQQUINMAX, 13y PP(NMAXy 1)y KC{CMAX, 10y XXINMAXs1)s YY(RMAX, 1),
2ZZ{MMAX, 1)y UUICMAXyL)y YYESTIRMAXysLl)s ZZESTUMMAX, L}, A(NMAX,1),
3Q(NMAXs L)y BSIMR(1), ASI(KSIMAX,1)

WRITE (6,260}

FORM COEFFICIENT MATRICES FOR LYAPUNOV EQUATION WHOSE SOLUTION
IS STATE COVARIANCE MATRIX

DC 20 J=14N

DC 20 I=14N

SUML=AA{I,J)

SUM2=0Q(T1,4)

CO 10 K=19C

SUML1=SUMI~BB (T 4K ) *KC (K4 J)

BC 10 1L=1.N

SUM2=SUM24BB {1 KI1*KC IRy LI*PP(L 4 J}+PP{T,LI*KC{K, L)*BB(J Kl
A{T,Ji=5SUM]

Q{IyJh=SuM2

DBTAIN STATE COVARIANCE MATRIX AND STORE IN XX
CALL LYPNVY (A+QyXX9ASTy8SIMQyNKSIMyNMAX,KSIMAX)

OBTAIN COVARTANCE MATRICES FOR VARIABLES U(CONTROL),
Z(MEASUREMENT}s YIOUTPUT}, PLUS Z ESTIMATED ANC Y ESTIMATED

BC 40 J=1,R
DO 40 I=1,R

SUM1=0.000

SUM220.000 \
OC 20 L=1,N

CC 3G K=1,N
SUM1=SUML+CC (14K MXX (KyL1#CC{J L)
SUM2=SUM 24CC (19K )PP (KyL)*CC (J,L)
YY(Tydb=5UM1

YYEST(1,J)=5uM2

DC 60 J=1,M

CO 6C 1=1,M

SUM1=0.000

SUM 2=0.000

£C 56 L=1,N

CC 5C K=1,N

SUMI=SUMI4HH (14K 1%XX (KoL) *HH(d L)
SUMZ=SUMZ2+HHT T oK )%PP (K, L}*HH(J-L)
Z7(1,J1=5UM1

ZZESTII,d)=SUN2

0C 80 J=1,C
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EC 80 I=1¢C
5umM1=0.0D0O
Lo 70 L=14N
DO T0 K=1,N
70 SUM1=5UH1+KC‘I'K‘*‘XX(KyL;—PP{KjL'I*KC[J|L'
80 Uil TyJ }=5UML
WRITE (6,270
ti=1
LLL=10
90 IF (C.LT.LLL)Y LLL=C
O 100 I=14C
WRITE (4652800 (UU{T.L), =Ll LLL)
100 CONT INUE
WRITE (642901}
TfF {CLLEQ.LLL) GD TO 1190
LL=LL+10
LLL=LLL+10
G0 T0 90
110 WRITE (6,300}
LL=1
LiL=10
120 IF (N LT.LLL) LLEL=N
DO 130 I=1,4N
WRITE (6,280) {XX{IyL¥sL=LLyLLL)
130 CEONT INUE
WRITE (642901
IF (N,FO.LLL)Y GO TO 140
LL=LL+10
LLL=LLL+10
¢C TO 120
140 WRITE (6,310)
LL=1
LLL=10
150 IF (RATLLLLY LLL=R
DO 160 I=1,R
WRITE (64,280 {YVY(I,Li,L=LL,yLLL]
160 CONTINUE
WRITE (64,2901
IF (R EQ.LLLY GO TO 170
LL=LL+10
LLL=LLL+10
CO0 TO 150
170G WRITE (64,3201
LL=1
LLL=10
180 IF (R.LT.LLLY LLL=R
CO 190 I=1sR
WRITE (64280} (YYEST{I¢LY}sL=LLsLLL)
190 CONT INUE
WRITE (64290}
IF {R.EQ.LLL) GO TO 200
LL=LL+10
LLL=LLL+10
GO TO 180
200 WRITE 16,3301}
LL=1
LLL =10
210 IF {M.LT.LLLY LLL=M
CO 220 I=1.M
WRITE {64280) {ZZ{IsL)si=LLyLLLY
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220

230

240

250

260

210
280
290
aco
310
320
330
349

CONT INUE

WRITE (64290}

IF (M.EQ.LLL) GO TO 230
LL=LL+10

LLL=LLL+10

6C 7O 210

WRITE (64340)

Li=1
LtLL=10

IF (MJLTLLLL) LLL=M

CO 250 I=1,M

WRITE (64280) (ZZEST(I,L),L=LisLLL)
CONT INUE

WRITE {6,290

IF (MJEQ.LLL) RETURN

LL=LL+10

LLL=LLL +10

GC TO 240

FORMAT

( 1H1/ 1X ¢ SOH®% stk ddodon gk ootk o ok ok 20 ok ok Sof ok do #08 sk sok &

1%% /15X, 19HCOVARTANCE MATRICES/L1X, SOH® ssdomok oot dok doiaoi g o fomack doop b e o
2% Rk ook dkkw Rk f /)

FORMAT
FCRMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(1Xy25HUU, CONTRODL COVARIANCE FATRI X)

(1Xy1P10E12.4)

{ 1HO)

1 /71X 2T™HXXy STATE COVARIANCE MATRIX)

(/771X 284YY, OUTPUT COVARIANCE MATRIX)

1 /71X 41HYYEST, ®STIMATED DUTPUT COVARIANCE MATRIX)
{771X433HZZy MEASUREMENT COVARIANCE MATRIX)

{7/ IX44€EHZIEST,y ESTIMATED MEASUREMENT CCLVARIANCE MATRIX)

Description of Subroutine LYPNV

Subroutine LYPNV solves the Lyapunov equation. It first converts this equation,
ALXL + XLAE + QL = 0, to a set of linear equations. Subroutine LYPNYV then calls IBM
SSP subroutine SIMQ (solves a set of linear, algebraic equations) to solve this equation
set for the matrix XL’ called XX in the subroutine {(ref. 13). Subroutine LYPNYV also
calls IBM SSP subroutine ARRAY .

The subroutine statement for LYPNYV is as follows:

SUBROUTINE LYPNV {R'Q,XI,ASI,BSIHQ,N,KSIH,NHAX,KSIHAX}

The input variables are

A(N,N)
QN,N)

The input integer dimensions are

N
KSIM

Lyapunov equation matrix

Lyapunov equation matrix

dimension of A, Q, and XX
(NXN + N)/2
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NMAX dimension, greater than or equal to N

KSIMAX dimension, greater than or equal to KSIM

The output variable is

XX(N,N) output matrix

The temporary storage arrays are

ASI(KSIM, KSIM)
BSIMQ(KSIM)

There is one error message output from this subroutine. K IBM SSP subroutine

SIMQ finds that the matrix of the equation set being solved is singular and cannot com-
plete its calculations, subroutine LYPNV prints the following message:

MATRIX IS SINGULAR

There is no other printed output from this subroutine,

OO MODOOO0000

10

20

78

Listing of Subroutine LYPNV

SLRROUTINE LYPNV (AsQyXX¢ASIBSIMQsNeKST My NMAX 4KSTMAX )

N3 % ok ok ok e Kok ek oo ok sk s e sl sk sk ol e R o e B0k ORI et ol s R R R Rk R
LYAPUNOV EQUATION

AXX + NEAXET + Q = 0

LYPNV CONVERTS LYAPUNDV £Q. TO SET OF LINEAR EQUATIGNS. LYPNV
CALLS IBM S5P SUBROUTINES SIMQ {SULVES FQUATION SET) AND ARRAY.
KSIM =(N*N + N}/ 2

FORM KSIM BY KSIM LHS MATRIX AND KSIM QORDER RHS VECTCR USING
INPUT MATRICES A AND Q.

26 3 % ot sk kol o o ok 00 o i o e oo ol o o e ol e XE g R R ol o e X o ok R X s e e o ole e o e el o el

CIMENSION AINMAX,1), QUNMAX,1)s XX(NMAX,1)s AST(KSIMAXy1),
18sIMQ(l)

DO 10 J=1yKS1IM
BSIMQLII=0.0

CC 10 I=1,KSIM
ASILI,1)=0.0

CONTINUE

J5=0

CO 90 Jd=1,N

CEC 9C IT=dJeN

JE=JS+1

IF (II.NELJJY GO TO 20
BSIMQ(JS)I==Q{II,Jd)

cC 10 30
BSIMO{JS)=={Q{I1,JJ)+D(J3yI1))
CONT INUE



15=0 )

BO 90 J=14N

D0 90 I=J.N

15=1S+1

IF {(1.EQ.I1) GO TO 40
IF {(J.EQ.JJ) GO TO 50
IF {J.ERLIIY GO TO 60
IF {1.EQ.J0) GO TO 70

GO 70 90 .
40 IF (JoNE.JJ.OR.JLEQ.IT) GO TO 80
AST(IS,JS)I=A(JJJI+A(I,I1)
G0 TO 90
50 ASI(IS,JS)=A{I,I1)
GO TO 90 )
60 ASTCIS,U5)=A(1,34)
60 TO 90
70 ASILIS,dSI=A(d,11)
60 TO 90
80 ASTUIS,JS)=A(J,d0)

90 CUONT INUE
CO 100 J=1,KSIM
0O 100 I=14KSIM
160 AST(I4J)1=ASI(I,0)%2.0

c

C SOLVE SET OF LINEAR EQS. VIA SIMQ

C
CALL ARRAY (2 )KSTIM,KSTIM,KSIMAXyKSIMAXAST»AST )
CALL SIMQ (ASI,BSIMQ,KSIMyKS) .
CALL ARRAY [ 1¢RSIM KSIM{KSIMAX,KSIMAX,ASI+AST)
If (KS.EQ.1) WRITE (6,130}
JJdJ=0

C

c STORE SOLUTION IN SYMMETRIC MATRIX XX

C

EQ 120 J=14N
CO 120 I=14N
IF (I.LT.J) GO TO 120
Jdd=JdJ+1
IF (I.NEWJY GO TO 110
XXCIy)i=8SIMO(IL))
GO TO 120
110 Xx(1,3)=BSIMQ{JII)
XX( 8y Ti=BSIMQ(SI I
1290 CONT INUE

RETURN

c

130 FORMAT ( IXy18HMATRIX IS SINGULAR)
END

Description of Subroutine TRICCS

Subroutine TRICCS is used to compute the solution to the constant-coefficient matrix
Riccati differential equation at NTAU time points, DT aparf. A call to sabroutine
RICSS (providing the modified eigenvector matrix TT of the Hamiltonian matrix and the
real and imaginary parts CR and CI of the eigenvalues of the Hamiltonian matrix)
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must precede the call to subroutine TRICCS. That is, subroutine TRICCS requires that
the results of the algebraic Riccati equation be available for use in solving for the tran-
sient (see the section Description of Subroutine RICSS). The initial {(or terminal) condi-
tion matrix is specified as INIT, and the Riccati solution matrix appears as ANS. The
gains are also calculated at each time point, either the KE's or the KC's depending on
whether the transient is being calculated for the estimate or control problem, Subroutine
TRICCS calls subroutine BDSTM and the IBM SSP subroutines ARRAY and MINV,
The subroutine statement for TRICCS is as follows:

SUBBOUTINE TRICCS (TT,INIT,CR,CI,ANS,DT,NTAU,N,C,N,NE,

EX1,EX2,EX3,EX4%,EX5,5X6,IPER, IPERN,
HH, RRINV, NN ,PCINV,BB,IEC,HHAX,CHAX,
MMAX,NEMAX}

The input variables are

TT(NE, NE)

CR(NE)

CI(NE)

INIT(N, N)
HH(M, N)
RRINV(M, M)
NN(N, C)
PCINV(C, C)
BB(N, C)

EC

NTAU
DT

modified eigenvector matrix
(called X in subroutine RICSS)

real parts of ordered eigenvalues
(called CR in subroutine RICSS)

imaginary parts of ordered eigenvalues
{called CI in subroutine RICSS)

initial condition of Riceati solution

measurement matrix

inverse of power spectral density matrix of measurement noise
state-control product weighting matrix

inverse of control weighting matrix

control inpuf matrix

switeh (1, if call is for estimate;
2, if call is for control)

number of time points

time step

The input integer dimensions are

order of Riccati equation
number of conirol inputs
number of measurements

2XN



NMAX dimension, greater than or equal to N

CMAX dimension, greater than or equal to C
MMAX dimension, greater than or equal to M
NEMAX dimension, greater than or equal to NE

The output variable is

ANS({N,N) solution to Riccati equation
The temporary storage arrays are

EX1(N,N)

EX2(N,N)

EX3(N,N)

EX4(N, N)

EX5(N)

EX6(N)

IPER(N) - integer

IPERN(N) integer

There are two error messages from subroutine TRICCS. During the inversion of
ANS the following message may be printed:

ANS IS5 SINGOLAR

And during the inversion of EX1 the following message may be printed:
EX1 I5 SINGULAR

The normal output from subroutine TRICCS is the message

e ok e e oo ol o ot ok ok R N e o A R A K R R Rk

‘ TRANSIENT RICCATI SODLUTION
o e o o ot o o ook oo o e sl o oK R ool e o ok e ok o e o Ak R R R

It then prints the time with the heading
TIME =

followed by the ANS array with the heading
RICCATI SCLUTION MATRIX

followed by either the estimate gains or the control gains (depending on the call) with
one of these headings:

KE, THE TRANSIENT ESTIMATE GAIN MATRIX

or
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KC, THE TRANSIENT CONTROL GAIN MATRIX

There will be a series of these outputs, one set for each time point calculated.

" The method used by subroutine TRICCS, given in reference 6, is as follows:
Subroutine TRICCS computes the nxn, positive-definite, symmetric solution matrix for
the matrix Riccati differential equation

: T

with the initial condition, V(0) = VO’ and where the 2nx2n Hamiltonian matrix M is

defined as
M M
M = 11 12 (61)
Ma1 l Moo
and M22 = "MTI' Subroutine TRICCS uses the results of subroutine RICSS, namely,

eigenvalues and modified eigenvectors of M, plus the matrix exponential subroutine
BDSTM, in computing its results. The method used follows that of Vaughan (ref. 6), ex-
cept that where Vaughan used complex eigenvalues and eigenvectors involving complex
arithmetic, this algorithm requires only real arithmetic, Since the modified-
eigenvector -method matrix T and the block—diagonal—system matrix C {see the section
Description of Subroutine RICSS) are used, the basic equation solved by subroutine
TRICCS is

Vik At) = [T21 - TooW(k At)] [Tu - T Wik m:)}"1 (62)

where

Wik At) = exp(T:k At) [V0T12 - Tzz]—l[VDTn ; TZ]] [eXp(?:k At)]T (63)

) Here, At is the time step, k is an integer, k At is the time at which V is to be cal-
culated. Matrices C and Ti' are defined in the section Description of Subroutine
RICSS. The state transition matrix exp (E At) is calculated by using subroutine
BDSTM, and then exp (Ek At) is calculated as

exp((_Jk At) = exp[E(k - I)At] X exp(a At) (64)

Depending on whether IEC is 1 or 2, subroutine TRICCS computes K, or K,, using
equation (9) or (11).
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OO0 m

12

29

33

47

Listing of Subroutine TRICCS

SUBFCUTINE TRICCS {TTvINIT:CRpCIfANS.DT;NTAU'NgC.M,NE,EXl.EXZ,EX3'
1EX4;EX5;EX6.IPER,IPERN.HH.RRINVJNN,PCINV'BB.IEC,NMAX,CMAX.MMAX,
ZNEMAX)

e e e g e ool ek ol Al o o ko ol ok o et ok ok ot e e oo ol ol ok i ot ool ot o Ml o ot e O ol o e o o ool
TRICCS COMPUTES THE SOLUTION TO THE RICCATI DIFFERENT IAL EQUAT ICN
AT NTAU TIME POINTS, DT APART, AND A TRANSIENT GAIN AT EACH POINT.
TRICCS CALLS SUBROUTINE BDSTM AND IBM SSP SUBRCUT INES MInNV aND

ARRAY .
3 30 s e e e e et sk ot e ook e ol o o o kot o e 0 e AR o ek o ok s ool e e sl e e ook ok o ot o o R sk

REAL INIT, NN
INTEGER (, CMAX
CCUBLE PRECISION SUM, SuMl

CIMENSION TT(NEMAX, 1), INIT(NMaX,l)s CRC1}y CI(1}, ANS{NMAX, 1},
LEX1I{NMAXy L)y EX2(NMAX, 1)y EXI(NMAXyLl)y EX& (NMAXyL)y EXS{1)e
ZEXE(1d, IPER{1)y IPERN{L)y HHIMMAX,i)y RRINVIMNMAX, L}, NNTNMAX Y 10,
SPCINVI(CMAX, 110y BBINMAX,1)

ANTAU=NTAU

XTIME=ANTAURDT

WRITE (642360)

If (IEC.EQ.1) TIME=D.D

IF (IEC.EQ.2) TIME=XTIME
WRITE (64370) TIME

WRITE (&64380)

LL=1

LLt=1D

IF (NJLTLLLL) LLL=N

D0 20 I=1,N

WRITE 1{6,390) {INIET{I L) gLl =Ll LLL)
CONT INUE

WRITE (&,400)

If (N.EQ.LLL) GO TO 30 )
LL=LL +1D

LLL=LLL+10

GC TO 12

DC B8C J=1,N

JJI=J+N

RO 5C I=14N

SUM=O-GDO

SUM1I=0,300

CO 40 K=14M
SUM=SUMHINITII oK IXTT (K, JJ)
SUMI=SUMLI+INITI] $KISTT{K,d)
ANSTTI,aJ)=SUM ‘ .
EX1iIyd)=5SUM]

CO €0 J=1,N

JJ=J N

DC &0 I=1,M

I1=1+N !
SUM=0.2DD

SUM1I=0.000
SUM=ANS({ 14 J)=TT(1T14J0}
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60

10
80

90

100

Lo

120
13¢

144
15C

160
170

18C
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SUMI=EXLII,J-TT(II,J)

ANS(I.d)=5UM

EXI{T,43=5UM1

CALL ARFAY (24N NoNMAX NMAX sANS, ANS?
CALL MINV (ANS N,DETIPER, IPERN)
CALL ARFEAY ( LoaNy N NMAX NMAX  ANS, ANS)
IF (CET.ER.0.0) WRITE {6,410}

CC 80 J=1sN

£C 80 I=1sN

SuM=_C .000

CC 10 K=1sN
SUMSSUMFANST T oK I*EXL (K, J1)

INTTULd ¥=5UM

CO 90 I=1sN

Exe(Y}1==CRII)

EXS{I)=CI{1}

CALL BDSTM (DT yE NG EXS4EXG Ny NMAX)
CO 100 J=1,N

CC 1QC I1=14N

EXI(I,J1=EX4(]4J)

BC 350 ITIME=L.NTAU

ATIME=]TIME

TIME=0T*AT IME

IF {IEC.EQ-1) GO TO 119
TIME=XTIME-T IME

WRITE (6,370) TIME

WRITE (6,280)

IF {ITIMELEQ.LY GO TO 150

0O 130 J=1,N

CO 130 I=1.N

SUM=C.0D0

CO 120 K=1,N
SUM=SUM+EXI{ I, K)*EXG (K, J)
EXZ{I401=5UM

IF STM VALUES JLT. 1.0E~15y SET T8 3,0
BO 140 J=14N

CC 140 I=1,N

IF (ABS{EXZ2{IyJd) )il . 1.0E=15) EX2(1,J)=0.0
EX3{I4J)=EX2(I4J1}

CONT INUE ;
EX3 NOW CONTAINS THE BLOCK DIAGINAL STATE TRANSITION MATRIX
CC 170 J=14N

CO 170 I=1N

SuM=C.0DQ

OC 10 L=14N

DC 160 K=1sN
SIM=SUMFEXI( Ty K3 INITIK, L) FEXI (Jyl)
ANS(I,J)=5UM

CO 190 J=1N

JJd=J+N

DO 150 I=1,N

LI=[+N

SUM=C.GDY

SUM1=0.,00DC

CO 180 XK=1,N

KK=K+N
SLM=SUM+TT( I yKKI®ANS (K4 J)
SIMLI=SUMLI+TT{ITIKK}*ANS{K, J)
EX1(I,4)=5UM



190

2040

210
220

230

240

250

260
2740

28¢

290

300

ESRY
32¢C

EX2(I,3)=5UM1l

DO 200 J=1,N

C0 2060 I=1,N

[T=1+N

SUM==EXL{I4d ITTLI ,J)
SUML=—EX2{ 14 J14TT{I1,4J)
EX1{I,J1=5UM

Ex2{I,Jd)=5UM]

CALL ARRAY (2¢NeNo NMAX NMAX,EX1,EXL)
CALL MINV (EXL1oN,DET,]1PER,IPERN)
CALL ARRAY (leNsNsNMAX,NMAX,EXL,EX1)
IF (CET.EQ.0.0) WRITE (6,420}

GO 220 J=1l4N

DO 220 I=1,N

SUM=0,0D0

DD 210 K=1,N
SUM=SUM+EX 20 T4 KI*EXL (K, J)
ANS{ Iy J)=5LM

LL=1

LLL=1D

IF (NLJLT.LLLY LLL=N

DO 240 I=1sN

WRITE (643901 (ANSIIsLd)pL=LL,yLELL)
CONT INUE

WRITE (6,400}

IF {NEQ.LLL} GO TO 250

LL=LL+10

LLL=LLL*+1D

GG TO 230

IfF (IEC.NE.1) GO TD 300

CO 270 J=14M

CC 270 I=14N

SUM=0,000

DO 260 L=14M

GG 260 K=14N
SUM=SUM+ANS( Iy KI®HHIL s K)XRRINVILJ)
EX2(1,J)=5UM

WRITE [64430)

LL=1

LLL=10

IF (MuLT.LLL) LLL=M

80 290 I=1+N

WRITE (643903 (EX2(T.L}sL=LLsLLL}
CONTINUE

WRITE {6,400)

1F (ML,EQ.LLL) GO TO 300

Li=LL+10

LLL=LLL+10

¢0 TO 280 :

1f (1EC.NE.2} GD TO 350

CO 320 J=1,N

DG 320 1=1.C

CC 210 K=1,C
SUM=SUMHPC INVO L, K INNTJy KD

OC 310 L=14N
SUM=SUM+PC INVII, KI*BBLL, K1 %2ANS{L,J)
EX2{1sJ1=5UM

WRITE (64440)
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LL=1
LLL=10
330 IF (NJ.LT.LLL) LLL=N
DO 240 1=1,C ,
WRITE (64390) {EX2(I L)sL=LLyLLL)
340 CONTINUE
WRITE (6,400}
IFf (N.EQ.LLL) GO TO 350
LL=LL+10
LLL=LLL+10
¢o TO 330
350 CONTINUE
RETURN

a0 FORMAT (1HL/ 1¥, BOH****#**#****#*##*#*****##*#*#*##**#**###*##*****
1##/ 15X, 26HTRANSTENT RICCATI SOLUTION/LXy 5O HE*#samaus okt at ks aknx
2EFdpkmkk ki kkbbokkkkhkghhrk /) /)

370  FCRMAT (/40X,THTIME = ,E12.5)

380  FORMAT (/20X¢23HRICCATI SOLUTION MATRIX)

390  FORMAT {1X,1PLOE12.4)

400  FORMAT (1HO)

410  FORMAT ( 1X,15HANS IS SINGULAR)

420  FORMAT (1X,15HEX1 IS SINGULAR}

430  FORMAT (1X,38HKE, THE TRANSIENT ESTIMATE GAIN MATRIX)

440  FORMAT (1X,37HKC, THE TRANSIENT CONTROL GAIN MATRIX)

ENC

Description of Subroutine BDSTM

Subroutine BDSTM computes the state transition matrix for a matrix in block-
diagonal form. The matrix's eigenvalues are the subroutine's inputs,
The subroutine statement for BDSTM is as follows:

SUBEQUTINE BDST# (DT,CR,CI,EAT,HN,NMAX)

The input variables are

DT ‘ time step
CR(N) real parts of eigenvalues
CI(N) imaginary parts of eigenvalues

The input integer dimensions are

N matrix size

NMAX dimension, greater than or equal to N
The output variable is

EAT(N, N) block-diagonal state transition matrix

Subroutine BDSTM prints no error messages and no output,
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The method used by subroutine BDSTM is as follows: given an nxn matrix A
having eigenvalues X = oy +i8;i=1, 2, . . ., n), A, the block-diagonal form of A,
can be displayed as

S -
S
ak-l 0
A= B (65)
0 *pr2
~
\

where

~ a, | B

B=|-X k (66)

Pri1 [ %kl

Shown here are how two real (ak-l and o) +2) eigenvalue coefficients and the coeffi-
cients of a typical complex conjugate pair (ak + jB, and gt jﬁk +1) are placed on the
diagonal of A, either singly, or as a 22 block, B, Note that for the complex conjugate
pair, oy = o) and B 4= -B. Subroutine BDSTM assumes that the vectors (CR and
CI) of the eigenvalues are such that a conjugate pair is stored in successive locations,
This will be the case if subroutine EIGQR is used to find the eigenvalues.

We desire to find the state transition matrix exp(K At), where At is the desired
time interval. It can be displayed as

'\ .
~ .

exp(ay | At) 0

exp(A at) =| ' exp(B At) | (67)

0 1axp(ak+2 At)
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where exp(ﬁ At) is a 2x2 matrix,

—exp(ak At) X —exp(ak At) x-w
- cos(,Bk At) sin(,ek At)
exp(B At) = (68)
EXp(ak At) % exp(ak At) X
.‘_=.in(,(3k At) cos(ﬁk At)

In order to see that EXp(ﬁ At) is in fact of this form, consider the.2x2 diagonal matrix,

B:[a'l'jﬁl 0 ] (69)

0 |a-is

where the diagonal elements are conjugates, Thenfora transtormation matrix U

given as
U= 1-jil+]j (70)
1+j11-1]

it can be shown that U"'BU = B. Thus,
exp(B At) = exp(UTlB At 1) (71)

or

exp(ﬁ At) = U'lexp(B At)UJ

a1 exp(o + jp)At | 0 ]
U 0 Texn(a - imat]Y
exp{a At) X 0
_ U—l [cos(B At) + j sin(g At)]
0 exp(a At) X
L [cos(g At) - j sin(B At)]

. [exp(a at)cos(a At) | -exp(a At)sin(s At)] (72)

exp(a At)sin(g At) I exp(a At)cos(s At)
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Listing of Subroutine BDSTM

SLBRQUTINE BDSTM (DT+CR+CI+EAT NyNMAX)

c
C e 3 2ofe e e ol ok ok ol el s s e e o e abe e ke ke o e g ol ol e o e o st o e e kol o e afe ok ok R R o o ok R kR &
c BCSTM COMPUTES THE STATE TRANSITION MATRIX FOR A MATRIX IN BLOCK
C DIAGONAL FORM. BDSTM CALLS NU SUBROUTINES.
C 3 2 ol e e o ol e o b adeade s ol o ol ok o3 she o e ol e ol o o o o e o ool e sl ok kel o o AR SNONE e e ol ohe Sk ool sge e ool oo ool s
C

OIMENSION CRU1)y CI{11, EATI(NMAX,1)
¢

CO 10 J=1.N

00 10 I=1,N
10 EAT(1,4)=0.0

1=1

20 CCNTINUE
IF (I1.GT.N) RETURN
IF (CI{1).EQ.0.0) GO TO 30
I=EXPICR{I I*0T)
X=I%COS{ABS(CI(INI*DT})
Y=2®*SIN(ABS(CI{I1)*DT)
IF (ABS(Y).LE.Ll.OE~=1%) Y=Q,0
L=1+1
EAT(I,1V=X
EAT{IsL 4=
cAT(L, 1)
EAT(LsL)
I=1+2
GG TO 20
34 EAT(I, Ih=EXP{CRITI*DT}
I=1+1 i
GG 10 20
END

Y
Y
X

LI ]

LSOCE PROGRAM ERROR MESSAGES

The error messages that are printed by program LSOCE and the subroutines in
which they occur are as follows:

LYPNV prints MATRIX IS SINGULAR
if IBM SSP subroutine SIMQ finds the matrix being solved is
singular. The program then continues,

RICSS printg X11 IS SINGULAR
' if the upper left quadrant of X 1is found to be singular during
inversion. The program then continues.
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EIGQR prints THE FOLLOWING ANSWER(S) DID NOT CONVERGE
if an eigenvalue or eigenvalue pair cannot be found in 50 itera-
tions. The program then continues to the next eigenvalue itera-
tion,

ORDER prints EIGENVALUES ARE NOT SYMMETRIC
if an eigenvalue pair is not symmetric within the EPS criterion,
The program then stops.

EGVCTR prints FACTR IS WRONG
if the matrix for a real eigenvector cannot be factored into upper
and lower triangular segments by IBM SSP subroutine FACTR.
The program then continues.

EGVCTR prints FACTR 2 IS WRONG
it the matrix for a complex eigenvector cannot be factored into
upper and lower triangular segments by IBM SSP subroutine
FACTR. The program then continues.

CONCLUDING REMARKS

This report has presented a program for solving the LSOCE problem. Options that
allow solution of all or part of the problem have been included. The LSOCE program has
been used for systems as large as 10th order on an IBM 7090-7094 computer with a DCS
system. For these cases, the program used reasonable amounts of time and storage. A
similar version of the LSOCE program has been run on an IBM 360-67 computer for
problems as large as 41st order, with good resuits. Certain of the subroutines used in
LSOCE, such as those for redicing and scaling a matrix, for obtaining eigenvectors and
eigenvalues, and for solving the Lyapunov equation, have been made general enough so
as to be useful by themselves in the analysis of dynamic systems,

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, September 3, 1974,
501-24,
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Mathematical

symbol
A

QO QG T e ww e el

aQl o

FORTRAN
symbol

AA

BB

cC

HH

KC

APPENDIX A

SYMBOLS

Description

system matrix, nxn

general matrix, nxn
block-diagonal form of A, nXn
Lyapunov equation matfix, nxn
control input matrix, nxc
diagonal matrix, 2x2

Boolean matrix, nxn

diagonal block matrix, 2x2
right-hand-side vector, nx1
output matrix, rxn

intermediate matrix in complex eigenvector computa -
tion, nxn

upper diagonal submatrix of A, nXn

lower diagonal submatrix of A, nxn

integer, number of control inputs

intermediate matrix in eigenvector computation, nxn
measurement matrix, mXn

identity matrix, nxn

performance ihdex for LSOCE problem

performance index for infinite-time LSOCE problem
Y1

control-gain matrix, ¢xn

estimator-gain matrix, nxm

integer index

lower triangular matrix, nxn
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Mathematical FORTRAN Description
symbol symbol

M AAA Hamiltonian matrix; 2nx2n

m M integer, number of measurements

N NN state -control product weighting matrix, nxc

n N integer, number of states

n integer, dimension of 2 general matrix

P PP estimation-error covariance matrix, nxn

P permutation matrix, oxn

P;l PCINV inverse of control weighting matrix, cxc

Q QQ power spectral density matrix of plant disturbance, nxn

Qc QC state weighting matrix, nXn

Qy, Q Lyapunov equation matrix, nxn

q eigenvector, nx1

R'1 RRINV inverse of power spectral denéity matrix of measure-
ment noise, mxm

r R integer, number of outputs

s SS confrol matrix Ricecati solution, nXn

T X modi:fied eigenveétor matrix of a Hamiltonian matrix,
2nX2n

T . modified eigenvector matrix of a general matrix, nxn

t time

At time step

u uu control-covariance matrix, cXc

U transformation matrix, 2x2

U upper triangular matrix, nxn

u control vector, cx1

v ANS Riccati solution matrix, nxn

v white, zero-mean, Gaussian, measurement-noise
vector, mx1

w intermediate matrix for transient Riccati solution, nxn
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Mathematical FORTRAN
symbol symbol

W g

XX

b :;4 b
e

]

S

YY
YYEST

77
ZZEST

Ny BN <y < L4

N o]

N>

€ "EPS
A
A
T
Subscripts:
f
max

R

Description

white, zero-mean, Gaussian, plant-noise vector, nX1
state~covariance matrix (symrﬁetric), nxn
covariance of X, nxn

Lyapunov output matrix, nxn

state vector, nx1

linear equation solution vector, nx1

estimate of x, nx1

output-covariance matrix, rxr

estimated output-covariance matrix, rXr

output frector, rx1l

intermediate vector in eigenvector computation, nx1
estimated output vector, rx1
measurement-covariance matrix, mxm

estimated measurement-covariance matrix, mxm
measurement vector, mx1

intermediate vector in eigenvector computation, nx1
estimated measurement vector, mx1

real part of eigenvalue

imaginary part of eigenvalue

Dirac delta function

symmetry criterion

block-diagonal form of Hamiltonian matrix, 2nx2n
eigenvalue

time

final value
element of complex vector having largest magnitude

real part of
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Mathematical FORTRAN
symbol symbol

I

i, ik,
k-1,
k+1,
k+2,
1,2,3

0
Superscripts:

T

-1

()

i; i+l
Cperators:

E[ ]

Lo

—-

" Description

imaginary part of

integers, elements of

initial value

ranspose
maftrix inverse
derivative with respect to time

value after i or (i+ 1)th iteration

expected value of
absolute value of

approaches, in the limit



APPENDIX B

i SAMPLE PROBLEM

The main routine LSOCE and its related subroutines were used to run a sample
problem for a 10th-order system (N = 10) having two inputs (C = 2), three outputs
(R = 3), and four measurements (M = 4}, The option used was ISORT = 4, which exer-
cised all subroutines. The state variable description in terms of A, B, C, and H
matrices is shown in the following table:

A
0. 1. 0. 0. 0. 0. 0. q. 0. 0.
0. 0. 1. 0. 0. 0, 0. 0. 0. 0.
-.025 -.29 -5 0. 0. 0. 0. -17360. -826.7 -8.267
.09 .3 1, -1. 0. 0. 0. 0. 0. 0.
.09 3L 0. -9. 0. C. 0. 0. 0.
0. 0. 0. 0. 0. 0. 1. 0. 0. 0.
. 0. 0. 0. 1,667 1.667 -160, -12, 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 1, 0.
0 0. 0O 0. 0. 0. 0. 0. 0 1.
0 0. 0. 0. 0. 500, 25. -2,5E5 -1.05E4  -180.
C .
0. 0. 0. 1.667 1,667 ¢. 0. 0., 0. 0,
0. 0, 0. 0. 0. 0. 0. 62500. 2976, 29.76
0. 0. O 0. 0. 500. 25. 0. 0. 0.
H
0, 0. 0. 1,667 1.667 6. 0. 0. 0. 0. .
0. 0. 0. 0. 0. 0. 0. 62500, 2976. 29.76
0. 6. O 0. 0. 500, 25. 0. 0. 0.
09 .3 1 0. 0. 0. 0. 0. 0. 0.
B
0. 0.
0. 0. -
.2778 0,
0. 0.
0. 0.
0. 0.
0. 1.
0. 0.
0. 0.
0. 0




For the LSOCE problem, the following noise and weighting matrices were chosen:

Q =diag(1,.1,.1,.1,.1,.1,.1,.001,,001,,001)

Rl qiag (.01, .01, .01, .01)

Qc = diag (1.0,1.0,1.0,1,0,1.0,1.0,1.0,1.0,1.0,1.0)

N =0

P! = diag (1.0,1.0)
For computing the finite-time Kalman filter gains, the initial value of P(t) was

P0= diag (1.,1.,1.,1.,1.,1,,1,,1,,1,,1,)

For computing the finite-time control gains, the terminal weighting S(t) was
Sf=diag (1.,1.,1,,1,,1,,1,,1.,1.,1.,1.)

The time interval over which the performance index was minimized was chosen to
be 12, 0 seconds (that is, 60 time steps with At=0.2). Transient results were calculated
and printed each 0, 2 second.

Both IOP1 and IOP2 were set to 1 to obtain full printout., The following is a list-
ing of main routine LSOCE plus the program outputs:

MAIN PROGRAM

2l 3i A sk afe e 3 e 3 o e e afe e e e ol o e e ok o e ot e 3 o ool o ol ol ofe s ke e e ol ke e ok sl e o e ode e ek e o o e e e ok

FLANY
XC0T = AA *= X ¢+ BB % U + W
MEASUREMENT
I =H*x X +V
NOISE
COVIiw) = QO, COvivl = RR

PERFORMANCE INDEX
J = E (L/72 = { X¥T % QC * X + X**T * NN * U + Ux=T * pC * |} } }

DIMENSIONS AﬁD DESCRIPTIONS OF PROGRAM VARIABLES

OO ONOOOOO0000000 00000000000

ATNyN} LYAPUNOV EQUATION MATRIX

AALN,N) SYSTEM MATRIX

AAA{ 2Ny 2N) HAMILTONTAN MATRIX ASSOCIATED WITH THE
RICCATI EQUATION

ANSINgN) RICCATI SOLUTION FROM TRICCS

BBI{N,C} CONTROL INPUT MATRIX

CCUR,WN} QUTPUT MATRIX

CI(2N) EIGENVALUE IMAGINARY PARTS (OF AAA)

CR{ZN}) EIGENVALUE REAL PARTS (0OF AAA)

HH{My N ) MEASUREMENT MATRIX

IOR{ 2N} BLOCK DIAGONALIZING PERMUTATION VECTDR
{INTEGER)

KCIC,N) CONTROL GAIN MATRIX

KE(NyM) ESTIMATOR GAIN MATRIX (REAL)

NBL{ 2M) SiZE OF INDIVIDUAL IRREDUCIBLE BLOCKS
{INTEGER)

NN{MNsCH STATE / CUNTROL WEIGHT ING MATRIX

PCINVIC,C) INVERSE OF CONTROL WEIGHTING MATRIX

PP{4N) ESTIMATION ERRGR COVARIANCE MATRIX

=]
f=r]



COOCOOOOOOO0OOOO N0 OO0OAO0na0O0ORDA0NnO00

PPINIT{N,N)

QN NI
QCINsN)
QQIN,N)

RRINV{MyM)

55(NeN)
SSINITINsN)

TS{2N)
UUiC,L}

XE 2N, 2N)
XX{NsNY
YY{R,R)
YYEST(R,R}
ZZ{iMM)
ZIEST(Ms M)

{
INITIAL CONDITION OF RICCATY SOLUTION FOR
TRANSIENT ESTIMATE PROBLEM i}
LYAPUNOY EQUATION MATRIX (SYMMeTRIC)
STATE WEIGHTING MATRIX
POWER SPECTRAL DENSITY MATRIX OF PLANT
DI STURBANCE
INVERSE DF POWER SPECTRAL DENSITY MATRIX
OF MEASUREMENT NOISE
CONTROL MATRIX RICCATI SOLUTION
INITIAL CONDITION OF RICCAYI SOLUTION FOR
TRANSIENT CONTROL PROBLEM

"SCALING TRANSFORMATION

CONTROL COVARIANCE MATRIX

- MODIFICD EIGENYECTOR MATRIX (0OF AAA)

STATE COVARIANCE MATRIX (SYMMETRIC)
OUTPUT COVARIANCE MATRIX

ESTIMATED UUTPUT COVARIANCE MATRIX
MEASUREMENTY COVARTIANCE MATRIX

ESTIMATED MEASUREMENT COVARIANCE MATRIX

DIMENSIONS OF TEMPORARY STORAGE ARRAYS

AII2N)
AR(2N)

ASTUINENAN /24 {NEN#N) 72)
BSIMQUIN®XN+N)/2)

EXT{2N+ 2N}
EXL1INsNI
EX2{NgN)
EX3(N,N}
EX4{NsN)
EXS5(N)
EX&IN)
IBL{2N)
IPER (2N}
IPERN(2N)
JMAX{2N )
TT(2Ns 2N}
XR( 2Ny 2N)

INTEGER
INTEGER
INTEGER
INTEGER

- 30 o ol e e e ok e ode o e ek e sfe e e o o e Al ok sl e ol ol e e o e el e e ol ol e ok ok o e ook oe o o ok o e ook e ool e ok ok

CIMENSION AA{12,12)y QQUL12,12)y QC{L12412), PP{125s12) s 55{ 12412},

1XXt4 124120, A{124121),

2EX3012412Y,

Q12,120 ANS{LZ,12)y EX1(12.12)y EX2112y12),
EX4012,12)0y PPINITIL2412)y SSINITL12,12}s AAAL 244240, .

ATT( 24924y EXTL24924) s X424:2% s XR(24424) 9 AST(TB,78),y YY{(5,5]),

427(5:5ky UU(545],

YYEST(545)y ZIZEST(5,514 RRINV{5,5ty PCINVISs5),

SBR{12s5)y NN{12,5)s KE{1245)y KCI5,412)y CCUS5412)y HHIB412),

6EX5(12)y EX6(12),

TS24y CR(24)y CI{24), AR(24), AIl24},

TIPER{24), IPERN(24}, BSIMQ{T78), [OR{24), NBL(24}, IBL(24),

8IMAXL 24)

REAL KE, NN, KC

REAL INIT

INTEGER €y Ry CMAX, RMAX

CATA ({AATT.d1,

17 2% 0.0
2 ¢
317

0-0.' 1. O’ =

1,100, J = 1,10} )

909' 5 ¥ 0-0! 1.0! 0.0' “-29’ 2 ¥ |3’
x 2 * lou! 8 * 0-0’ "1-01 2 *® DnOp 1-66?'
* 0.0y =~5,.0, 0.0y 1.66T7Ty 9 * D.0y =1060,.0, 2 % 0.0, 500.0,

a7
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4 § % 0,09 1a0y =12.0y 2 * 0.0y 25,04 2 %= D0y =17360.0y 6 * D0
5 =2,585;, 2 % Doy ~826aTy & * Dae0p 1ol 0.0, w]le06E4e 2 ¥ Dode
b =8.26Ty 5 % 0.0y 1.0y -180.0 /
DATA ({BB(Isd)s I = 1,10}, J = 1221
L /7 2% D.0p 02778 13 * 0.0¢ 1.05 3 % 0.0 /
CATA ([HM{IsJ)y I = 1ls4)y J = 1,10)
1 7 3% Qu0s 09 3 % D0y <39 3 % DeOs 1609 1a866T¢ 3 * D0y 1.686T7;
2 5 * 0-0’ 500‘0, 3 ® GQOQ 25.0’ 2 * 0009 62530 -‘3; 3 * 0-0' 297690'
3 3 % 0.0y 29.T6p 2 * 0.G /
DATA 1IQQ(IsdY, T = 15100y 3 = 1,100
1 7 0.10, 10 * 0.0; 0.10, 10 * 0e0y Delly LO * 0.0y 0.104 10 * 0.0¢
2 CelOp 10 * 0.0, 0.10y 10 * 0.0y 0siDy 1D % 040y 001, 10 * 0.0,
3 lOClg 10 * OoCt .001 /

DATA ((RRINVIIydly 1 = lo4dy 4 = 144}
1 7 1.0E=2y 4 % 0,0y Ls0E=2y & ¥ 0uQs 140E—2y 4 * 0.0y la0E=-2 7/
DATA ((QCU1Ied)y 1 = 1,10y J = Ll4100

1 l 1-0' 10 ¥ 0-0' 1&0! 10 * 000! 1!3[ 10 * D.O' 1-0' 10 ¥ Olo'
2 1.0y 10 % 0,00 1.0y 10 * 0.0 lels 10 #* 0.0 1.0 10 % 0.0y 1.0y
3 10 * 0.0, 1.0 /
DATA {(NN{IgJ)y T.5 14100y J = 1s2)
1 / 2C % 0.0/
DATA ((PCINVII,J1, I = 1,2)y J = 1,21
L /7 1.0y 2 * 0,0y 1.0 /
DATA ({CC{I,J¥y 1 = 143)s J = 1,10}
1 7 9 % 0.0y 1.667y 2 ¥ 0.0y 1e667s & % DoDy 500400 2 * D0y 25,0,
2 0.0y 6250040y 2 * 0.0y 2976.0s 2 * 0.0, 29.76y 0.0 ¢/
CATA ((PPINIT(I ), I = 1+10}s J = 1,10}
1 7 1.0, 10 * 0.0y 1leQy 10 * 0.0 10y 10 # 0.0 1.0 10 * 0.0,
2 1.0y 10 % 0,0y la0s 10 * 0.04 1.0y 10 % 0.0y 1.0y 10 * 0.0y 1.0y
3 10 % 0.0y 1.0 7 |
CATA {({SSINIT{IsJ}y I = 1,10}y J = 1,10)
1 7 1.0s 10 #* 0.0y 1o0y 10 % 0.0y 1.0s 10 * 0.0, 1.0 10 = 0.0y
2 1.0y 10 * 0.0y 1.0s 10 * 0.0y 1.0¢ 10 * 0.0+ 1.0, 10 % Q.05 LaO¢
3 10 * OQGI‘ loo I
DATA N /7 10 7¢ M F & J5 C £ 2 fy R/ 3 /s 10PL /S 1 /s Iopz /7 1/
DATA DT / ,200 74 NTAU / 60 /4 ISORT / & 7

NMAX
MMAX
CMAX
RMAX
N2MAX = NMAX + NMAX

KMAX = NMAX * NMAX

KSIMAX = (KMAX + NMAX) / 2
N2=N+N

K =N*N

KSIM=(KeNY /2

2

oo hoH

WA W

IF (ISORT.GT.5) GO TO 10

CALL ESTMAT (AAyHH QQ,RRINVKE +PPsCRyCI 3 Xs TSy XRyTT sAAA,EXT ARy A,
LIPER, IPERN s IOR yNBLsIBLy JMAXsNs My N2, 1 OPL,TOP2 4 NMAX ¢ MMAX p NZMAX )

IF LISORT.EQ.1) STOP
IF (ISDAT.EQ.5) GO TO 10

CALL TRICCS {(XsPPINITsCR4CI yANSy DTy NTAUy N2 CeMiN2ZsEXLy EX29EX34EX 4y
lEXS,EXﬁ,IPERgIPERN.HHoRRINVgNN.PCINV.BB.1,NM§X,CMAX:HMAX.N2MAX]
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IF {ISDRT.EQ.2) STOP
IF (ISDRT.EQ.9} GO TO 20

CALL CONTRL iAApBB,QC,NN.PCINV,KC,SS.CR:CX,X'TSuXRfTToAAA.EXTfﬁR!
lAIgIPER'IPERN,!GR,NBL’IBL!JMAX'N!C!NZDIUPl|[DPZQNMAK;CMAX’N2MAXI

IF {ISORT.EQ.6)} STOP
If (ISORT.EQ.5.0R.ISORT.EQ.8) GO TO 20

CALL TRICCS (XsSSINIT,CR4CIJANS,DToNTAUsNsCoM,NZyEXL, EX24EX3, EX4,
1EX§’EX6'IPER,IPERN,HH,RRINV'NN,PCINV.BB,Z,NMAX.CMAX,MHAX.NZMAX3

IF (ISORT.EQ.3.0R.1SORT.EQ.7} STOP

CALL COVM (AA3BB gHHyCC s QQo PP oKC 4Ny Mg LRy XXy YY 9 2Z sUL s ¥ YEST # ZZEST,
IKSIMeAs Q9 BSIMO,ASTsNMAX MMAX,C MA Xy RMA X KST MAX) '

RETURN
END

99
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% 2 % s 2 sjesc e e 2 o o ok ol oeate e e ok ol el ok ki g kR RO R R R AR

RESULTS OF ESTIMATICN PROBLEM
ol o o e o e ok ol ol sl e o 2 e ool oW 0B e Bk el ok ok o R R R

TSy SCALING TRANSFORMATION MATRIX ELEMENTS
H4.227E~02 He BL1E=-02 4. TB4E=Q2 2. 00TE-0L 2.007E=D1 4. TBOE+00 54 240E=01 1.800E+02 la629E+01 1.237E=D1
2. 691E Q0 1.7026+00 2:488E+00 5.816E-01 5.816E«01 2.438E-02 2.236E~01 6. 8T5E~D4 7+ 599E-0Q3 1. 0Q0E+D0
REAL FPART IMAGINARY PART ITER
Ta17554T4FEHO 0.25983571E+ G0 1c
Q.17554T49E+CT -0, 255835 T1E+ 00
=3« 175548 20E 400 0.25583752E+00 4
~De11554820F 100 =0,25583752E+00
C.95405209F+00 0.735368497E+00 5
0.97405209E+00 =0.T353686T7E+00
= 0954051 T6E+0D 0,73936927E+00 1
~0.954051T6E 400 ~0.73936927€E«00
=N.49460346E+01 O. 2
Q.49460372E+01 Q.
0.11258133E+C2 0.50320941E+01 ]
0.11258L33E+02 =0 53320941E+0]
~0.,1125R13ZE+02 0.50220939E+31 4
=0.11258132E+4C2 =0.503209396+01
0.2368T1TTIELD2 N. 2
~0.,236RT792E+02 0.
=-0.Ta65C564E4+02 D. 2
Q.T465D5TBE+02 0.
=0, 21073558E 403 0. 1
0.210T3560F+03 0.
MODIFIEN EIGENVECTOR MATRIX OF AAA
wT.1824E=03 2.4436E+02 1.56543F=03 2,2945E~03 1.37L3E~D3 8. T949E-05 4.4134E~D5 -1,.2889E-08 ~5.62826=-09 =-1,3087E-09
5. 16948=02 7.4184F-02 6.1195€=03 1,0261E~02 4.9169E-D3 2. 996BE=04 1.5499E~0% =4, 2L6SE~08 -1,8858E=-08 —4,.3703E=-QQ
2.0624E=02 1.8433E~=02 2.0144t=-02 2.0997€~-02 1.4913E~02 9, 7T260E=04 4,.B410E~04 =Ll 4Z71E~D7 ~6.2469E=08 =1,4535€-08
-f.35635=32 ~5,0061F=72 «2.910T€=02 9.B924E-04 9.8565E~D4 =5.4600E-03 5.0342E=04 =1.7465E=06 =1, TAL4E-06 3.6432E=-07
—6,3158E=03 ~1,0720E-02 =1.4334E=-03 ~5,0459E-03 ~7,2002E=02 ~7.7366E~D3 ~1,0054E~03 =2.1204E-06 -1.862%~06 3.TL40E-07
—B.2T43E~02 =2,0423E=01 =1.7935E~03 ~T7.6T84E-02 ~6.2493E~03 1.T682E-01 4.5837E-01 2.0£492E-03 1,9178E=03 =9.,8001E=04%4
—L.27355=77 =2.9341F=02 ~1.27426=03 =1.1950E=-02 =2.2901E=03 3.2081E~02 -1.9587E~02 2.2863E-05 To T4E4E=05 =4,.5874E=-05
1.00008+00 1.0000E+70 1.0000F+00 L1.0000E+430 1.0000E+D0 1.0000E400 1.0Q000E+)C 1.0C00E+0Q 1.,0000E+00 1.Q00QCE+C0Q
-4, 1123E-02 ~4,3704E=02 =3.51246=02 =4,1953E=02 ~2.3453E-02 3.1841E=03 =1.5T45E~02 9.C095E=03 3,9092E=02 +4.Q1956-02
6o A3215-04 =T, 1575E=04 =6.0750E~04 ~6.93TOE~04 ~&4.609TE~D4 =1. 2BBLE-D4 +3,6241E=04 =6.0893F=05 =2.5902E=04 4.0159E-04
=3, 632 2E-01 7.9791E=-01 —3.7493F~02 3.295LE-02 5.16856=04 1.7376E~05 =1.2411E-05 -1.2705E-06 =l.4790E~07 =5,22756~09
1.4109%9=0]1 2.30556=01 =1.1573E=02  5,8929E=02 2.4192E=03 1.243TE~04 -2.3157E~04 =3.0C93E-05 =1,1040E-05 ~1,1015~06
7,85A35~02 =3,0413FE=03 3.1917€=02 6.3752E-02 1.14T4E-02 2.0490E-04 =3.2484E-03 =7.1283E-04 ~B, 241 6E=04 ~2,32L2E=D4%
4,46315~02 1.22726=01 =4.39226—-03 4.15T9E=02 2.0761E=03 7.2578E-05 ~2.3686E-04 -2,.5251E-05 ~1,0941E=-05 ~1.097T7E-06
1.55986=02 2.72156-02 2,3999E=03 1.4388E-02 5.0855E=-04 2.9665E-05 -2.0115E~04 —=2.5174E=05 =1.0391E~-05 =1,.0773E~06
-6, T1065=05 2.5B48E=06 »9.5638E~+05 =7.347TE~05 ~3,5436E-05 3.3404E~-04 3,0680E=03 T.TLTIE~06 2.525TE~06 ~%.56423E-07
E.26372E~03 2.0440E=02 3.37T7E=05 T.6791E-03 4.4966E-04 1.5170E-03 -1.2978E~02 =2.4104E-05 «3,2358E~06 1.7L55E-07
4.2lA6F =05, 4.40QLE=D5 4,0039E=05 4.23206=-05 3.7212E-05 2.8310E-05 3.8538E-05 2.5008E-05 1.2035E-05% 4.6852E=06
=g, 813 1E=04 =1.,0030FE~03 «9.3047F=04 ~9.8926E-04 ~R.1595E=04 ~4.BTO6E-D4 -7.0791E=04 =4.0763E-04 =1,0158E~04 —1.2452E~05
=3, BTH4E~04 L. L9D0E=N4 =1.5B8426~03 =2.1373E~04 —4.0123E=03 ~9,0488E~D3 ~5.5031E-03 ~9.6£4TE-03 -7.6221E~03 =2.6643E-03
1 454 6E~08 =1.37T86E=03 1.9124E~03 3.1017E-03 A,.7246E-04 1.B922E~04 ~1,58716E~05 4.1C84E=0& 3.6229E-08 3.6663E-09
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by £SDEE=04
4. 4RI85=03
3.5THBE=N3
1.08812-03
2.3215F=02
1, 20776~ 03
1.53528-01
~7. 3801573
~1le 1B34E=«N4
1.0030E+00
8.0239E=-22
~1.24498-11
=1.R350E~32
~2.30082~23
-4.0538E-05
-2.2950E-03
£ 4274 2E=36
=1s5934E=04
1a 4948E=74

THE CROERED EICENVALUES OF THE HAMILTONIAN MA
THE DMES WITH NEGATIVE
ARE THE EIGERVALUES CF

=-5,2146E=D4
=1.0948E~02
=4 .6534E=02
=-F.14155~04
-1 649BE-02
~2e3925E~D3
=4,4393F-D1
1.9409€=02
3.1785E=04
1.0000E 420
~4.3125E-01
5.5216E~32
1.357TE-02
3.1427E=03
T.5716E-05
1.6469E=03
=1.83550=35
4,455 2E=04
=5.6661E=05

2.6785%-03
2.039716=-02
1.73508-03
~2.9395E-03
~1.4038€~01
~1.5767E=02
1.0030E+0D
-4 . 41056=02
~7.20748=04
~9,.8161E=02
1.8638E=01
~2.1331E=01
1.0993E-01
~3.56B6E~02
~4.592 26-05
1.3783E=02
4.3653E-05
~1.012&E-N3
2.1913E-04

REAL PARTS
(A~KE*H)

8, 6842E~03
3.5871E-02
4,2925E-02
1.466BE=02
3.4859E=C1
L 5.6T29E-02
1. 0000 +00

-5.2450E-02

-8.261TE-04
1.2568E~01

=4, T635E=02

-9.3226E-02

-2.31426-01

~2.9937E-02

=44 0398E=04

-3,44396-02
3.9374E=05

-1.0698E-03
1.82186-03

REAL PART TMAG INARY PART
017554 T49E +0N N.255835T1E+00
0.1T7554T49E +00 =0,25583571E+00
C.954052C9E+00 0.,73336897E+00
C.95405209E+072 =D, 7T3936B9TE+L0
0.4946C3TZE+0L J.
0.11258123E+02 0,50320841E+01
0.11258133E+Q2 -0,50320841F+01
0.236ATTTIE+02 Q.
N.746505TSE+C2 0.

C.21073560E 103 Q.
~0.17554320F +0) G.25583752E+00°
=0.17554323E4C0 =-0.25583752E+00
~0.954051T6E+CO 0.73936521E+00
-0.9%54)517T6E+CQ -~0.7393652TE+00
=0.49450346E401 .
~0.11258132E+(2 0.50323939E+01
~0.11258132E+402 =0,50322939E+01
—0.2360TTS2E+C2 0.
-0.T4L5C566E402 9,

Q.

-C.21073558€+03

PP, THE ESTIMATIOM ERROR COVARIANCE MATRIX

3.6707E+0)  €.25%51F~01 ~2.5906E+00.
£.2550E-01 4.2119E+J0 9.3036E-01
=2.59064E+00 ' 9.3037E-01 3.1338E+00
1. 68805400 1.91956+00 1.0411E+00
2.11018=01 4.7155E~01 4.9428E-01
B8.9035E~03 9.9548E-03 1.3267E-03
2. 6260E=01 3,2219E=01 2.2359E-01
~1.8443E-05 ~5,39316=05 ~6. TRE5E~04
1.4762F-24 AR.092BE~04 2.0465E-03

. 1B50F=02

1.0957E-01

9.3508F=01

1. 6880E+00
1.9125E+00
1laD412E+00
1.3388E+00
3.5875E-01
6. TT54E-03
2.268TE-01
=4. 691 4E~05
Te4260€-04
B. J061E-D2

2.6T53£=03
9, T94AE=03
3.1533F-02
1.8851E~22
1.00005+00
1.0641E-01
=4, 64D5E=01
3,6538E-02
5.3768F=04
~1.2341E-03
6.0167E-03
~3,0026E-02
6, 3809603
-4 .9014E-01
-1.3514E=03
-9.311RE-02
=3.7005E-05
£.4TOBE=0%
-3,2370€-03

TRIX

2.1101E-01
4.T155€E~01
4.9429E=-01
3,58T4E=01
1.3324E-01
1.6899E-03
6.5910E-~02
=3,2517E-D5S
5.8279E-D4
3.1189E~02

5. 131 2E=04
2. 1129E~D3
1.4259E=02
1.0T65E=D2
1.0000E+00
9.2206E~02
-5,91302E=-01
%4 499 4E=-02
6. T996E=04
-9, 7468E-05
L. 1926E=-(33
~]leZ2299E~02
1. 1414E-03
1.6920E-03
2. 3508E=D3
~1. 67TBTE=01
=4, 9099E=-05
9. 7950E=-04
=54 5969E=D3

8, 9035E~03
9.95456E-03
1. 3263E-03
6.T7T51E=03
1. 6898E=-03
5. 8403E=03
«-2.0215E-02
=2+9020E-06
1. 2638E-006
1. 7219E-02

=4a3141E=05
«1.8129E=04%
4.2051E~-02
4. 2519E-03
1.0000E+00
T«3568E-D2
=2.4976E-01
1+ 1003E=-01
L+ 434 TE-O3
2.2TQ06E=05
2.3842E-04
-A.6589€E~01
24359TE=04
=5.6490E=05
-B,2280E-03
~1.919TE=02
=5.25196~05
1.08B1E-03
-1.728%E-C2

2.6260E-01
3.2220€-01
2.2359E-01
2. 268TE~01]
6.5911E=02
=2.0215E=-02
2.0216E-01
1.1617E-05
=8.3659E-05
~4.6614E=02

1,3469E-05
4.57T8BE=05
4.8421E-04
4. 1670E=04
1.0118E-01
7.2C24E-03
1.0C00E+09
3.2599€-01
3.$844E-03
-3.4871E-05
8.2561E-04
-1.9558E-02
8,491 4E=04
1.0312E-03
-3.0358E-04
=2.5272E~Q3
7.4430E~05
-2.7631E-03
6.51256-02

«1.8451E=05
=5. 401 TE=05
=6+ T8GEE=D 4%
=44 6596E=Q5

=3.2528E-05

=-2.9C19E-0 &
1.1£401E-05
2.9883E-05
=4.9912€-04
-1.0201E-02

1.2013E-07 -

4.0295E~07
6.B49TE=06
6.505TE~D6
S5.3766E~D3
3.1163E~04
1.0000€+00
7.6559E=02
8.2667E=04
~3.0284E~07
2.26D4E=D5
w1.68T4E=-03
2.2810E-05
2+4120E=C5
~7.0286E-06
~1.Z2965E=05
4.95T4E=05
-4,7007E-03
3.5083E=01

1.4C98E=04
8a1120E~04
2.0464E-03
T+5122E=~04%
5.82300E=-04
7.2609E=-0¢€
~B.332BE=05
—-4.99126E~04
1.0942E-02
1,1665E=01

1.2198E-08
%.0751E=-Q8
5.58506~07
5.,4815E-07
1.3411E=-03
T« 1059E-05
1.000CE+Q0
S.6200£-02
5., T6LTE-D4
~1.6890E-08

3.5589E=06
=T« 500CE-U4

3.570&E~D6

3.6400E-06
~543442E=-07
=44154TE=O7
=5.1012E-06

Te499TE~0S
=1.5861E=02

8.1850E-02
1.0958E~01
9.3509E-01
8.0073E-02
3.1191E-02
L.T279E=-02
=4.561L2E~02
=1.030]1E~02
la1665E-01
7-3T6TE+DO
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KE, THE KALMAN FILTER GAIN MATRIX

3.1657E~02 1.7022E-02
3,%$859E=02 2.2991E=-02
2.5596E=-02 ~8.5104E-02
7.8297E-0Z 1.6813E-02
8.2013E-D3 6&.3026E-D3
1,411 2E=-04 3.5445E=-03
4.8806E=-033 =9,1010€E~03
=1.3241E-06 1.32456~=04
2.2211E~05 4.8406E-02
1. 8546E=03 =T.7111E-01

1, 1017E-01
1.3032E=-01
6.2530€-02
9,059 4E«02
2.492TE-02
2.4148E=-02
-5,0535€E=-02
~1l.1606E=05
1.541 4E~05
7.4T40E=-02

9. Q0TQE~-03
2.2502E-02
3.1798E-D2
1. T689E=0(2
6054 T4E=03
Sal140E-Q5
3.4308E~03
=64 966FE~-05
2+3019E-05
9.7532E~D3
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1. 090GE «Q L
0.
a.
d.
0.
128
n'
C.
0.

1.0605E+00
2.04T8E~01
B.A273E~=02
3. 0298E~=22
24 12T4E~02
- T45166F=05
4e BTLTE=-Q3
‘=1.0416E~0¢€
2.03316E=N5
1.20955=93

TRANSTENT RICCATI SOLUTION

Q.
1.0300E +00
0.
Q.
s
Q.
a.
Q.
0.
D.

2.0476E=01
1.0610E+00
2.2906E~01
S.865TE-02
T.0029E-02
T+5359E-D5
1.7N39E-02
-2.985BE-05
5.6557TE=-04%
1,69956E=02

0.
0.
1.000G6E+00
0.
Q.
0.
0.
0
0.
d.

RICCATI
8.8445E-03
2.2997E~CL
1.8750E+00
2.5T99E-~01
1.21576-01

-2.8313E-03

TIME = O,
RICCATI SOLUTION MATRIX

0. o. 0.

a. 0. 0.

Ds - 0. D.
1.0000E+00 0. e

0. 1.00600E+400 0.

0. 0. 1. 000DE+00
0. 0. 0.

0. 0. 0.

De G 0.

0. Qe 0.

TIME = 0.20000E+00
SOLUTION MATRIX

3.0300E-02 2.1275E-02 7.5396E-05
9,8658E~02 7.00296-02 7.5257E-05
2.5799E~01 1.9157E~01 =2. B313E-03
7.2075€~01 2.9839E~02 2.0412F-03
2.9839E~02 1.67308~D1 5.790LE~04
2.0414E~03 5.7902E-04 5.8500E-03
1.8092E~01 3.1851E-02 =2.1143E-02

b, QA9 1E=-02
=6« 3903E-04
1.2134E-03
8.9149E-D1

=3.3L36E=-05 ~2,6803E=05 -2.B08&E~06

5.6293E~04 4.TBO4E-O4
2.1069E~02

3.9301E~02

KEy THE TRANSIENT ESTIMATE GAIN MATRIX

8.59THE~D4
2.81205-03
7.49415=03
1.2512F~02
3. 2854E=03
4.36R3E=05
2. 21006~03
-9, 9919E~37
1,7353E=05
1. 006 48~03

1.2067C+00
T 5,3552fF~01
5.1375E~0Q 2
F.60136=02
5. 184 2E-D2

3.3603E-04
2.2394E=-012
=-9.7975E=-22
T.73926=03
3.7454E=-03
3.5107€=03
=-8,9965E=33
L»3201E~04
4.841TE~02
~T.7122E~01

4,35%2E=-01
1.2250E+00
F.1810€~01
2,781 4E=-021
1.5548E-01

1.5941E~0Q3
4.6362E~03
1.0660E-03
3.543BE=-02
1.0808E~02
2+3964E~-02
=5.0383F=(2
=1.1327E=05
1.0096E=95
T.4205F=02

RICCATI
5J1399£-02
5.18115-01
2.2831E+00
5.2526E=01
3. 2136E-01

1.6571E=~03
5. 6580E~03
le 9445E~02
2.9032E~33
2a L4H9E~D3
=2.8019E~D5
b 6441E=D4
=6.4808E~06
L. 3849E~05
8. 96TOE~03

TIHE =

0.40000E+Q0Q

SOLUTION MATRIX
5.1845E~02 4, 3323E-04

2. 601 TE~D2
2. T8L4E=-01
5.2526E=01
b 2592E~01
9. 7356E=-02

1.554BE~-01

e 2464E=06
1. T1TLE=O2

9. 866 4E=04

3.2136€=-01 -1.7422E-03
Q. TASHE-D2 2. 6388E-03

8.6130E-02

4. 0118E~D4

0.
0.
0.
C.
De
0.
L.00Q0E+00
0.
0.
0.

4.8683E-03
1.7040E=Q2
6.0890E-02
1.0093E=01
3.1€651E=~02
-2.1143€-02
2.2134E=01
1.084&E-05
~&.4544E=05
-4 6598E=02

1.781%E=D2
S.4B24E=~02
1.3027E=01
9.9612E~02
2.5345E~22

0.

1.0000E+00

0.
0.

“1.1432E-06
-2.9961E-05
=6,3902E-04
~3.,3209E-D5
-2,6815E-05
-2.8085E-06

1.0851E-05

2.8887E«DS
=4.9922E=04%
~1.0301E=02

-2.2822E-06
=3.7118E-05%
=6, 7296E=04
-3.9404E~-05
«3.0116E=«05

D
1.0000€ +00
0.

2.2946E-05
5.6T94E=04
1.2132€-03
S+56436E=04
4. T829E-04
S5.24L8BE=06
=5.42312=05
~4.9922E~04%
1.0945E=02
1.1665E=01

3, 7566E=05
T.0988E~04
2.0091E~03
T+1005E=04
5. 696 BE=04

1-.00Q00E+0Q

142353E-03
1.7012E~02
B4 9150E-01
3.9313€-02
2.1072E=02
1.7171E~02
=4 ,6595E=02
~1.0300E~02
1.1664E=01
7.3764E+00

4.8755E~-03
2+5935€6=-02
9.0658E~01
4.1499E=02
1. 9008E~02



FOI1

403303E~04
1. 7182 1E~02

9.86TTE-Q4
5.4822E~02

=1.T4226=03
1.3037E=-C1

2. 6390E=03
9,961 06-02

4,0119E-0%
2.5345E=02

=2.1793E~D8 =3,7011E=D5 =56,.7296FE=0% =3.9321F~05 ~3,0103E~05

2,4940%=0% T.0747E=04 2.0093E=03 7T.0841E~0& 5.6942E-D4

4, 8488E~03 2,6919E-02 09,0658E-01 4.1484E-02 L1.%005E-02
KEy THE TRANSTENT ESTIMATE GAIN MATRI X

2.4649E=03 1,1425E«03 6.42096~03 2.9066E-03

T«22855=03 5.5430E-03 1.8639E-02 S.2480E~-03

1. 4113E=02 =9,1009E-~02 2.3880E~02 2.4%02E~02

1.2057€-02 B,89536E-03 3.80970-02 6.1734E<03

3. 0587E=-33 3.73816-03 8,3423E-03 3,72676-03

5. 06T9E-05 J.5041E<~03 2,3877E=02 -1.4072E-05

2+3B30F=03 =1.0622E-02 =-5.9290E~02 1.4842E~03
=1.15T3E-06& 1.3253E-04 ~1.1119E=05 =6.8426E=06

Z«1301E=-05 4.B405E=02 1.313&E~-05 2.224TE-~05

L. 108 4E~03 «~7.TLSO0E~Q1 T.2154E-02 9.1509E-03

TIHME = 0.60000E+00
RICCATEI SOLUTION MATRIX

1 4518E+00 T.1413E-01 1.,1838E-01 2.0983E-01 9,2269E-02

Tel4l2E=21 1.48T79E+00 7T.9913FE=«01 5.2356E~01 2.4410E-01

1.18368=01 T.9812E-01 2.5301E+00 T.614T7E-01 4.0494E=01

2.0982E=01 5.2356E«01 T.6146E-01 6&6.642TFE=-01 1.6895E~01

9,2264E=D2 244410E+01 4.0694E-01 1:6895E-01 9,6T32E-02

1. 091 4E-03 2.4305E-03 -2.528BE-04 2.0498E-03 6.81B0E-04

3. B364E=02 9.9642E=-02 1.7499E~01 1.12L1E-01 3.3411€E-02
=3, 3989E=056 =3, 9749E-N5 =5, TSYBE=~04 ~4.00TOE=~QS -3,04638E-05

44153 1E~DS 7.2360E~04 2.0313E-93 7.13076-04 5.7208E-04

1. 1047€=02 6,047TTE=02 9,2034E-01 4.5223£-02 2.1834E=-D2
KEs, THE TRANSIENT ESTIMATE GAIN MATRIX

5.0360E=-03 2.4208E-93 1.5049E-02 £.632%9E~023

1.2797E=02 R.T469E~03 3.T0623€-02 1.3CHBE~02

1.9444E=02 =B.8144E=-02 4.2482E-02 2.7802E~02

1.3890E=02 S.6378F-03 4.32775=02 S.3742E~03

4,4289E=-03  4,3752E-03 1.2262E-02 4.8648E~03

6. 2206E~05 2.5054F-03 2.3B90F-02 5.7451E~06&

2.4592E~03 ~1.0309E~02 -5,B8500E-02 2.0833E-03
~1.1787E=06 1,3253E~04 =-1.1131E-05 -6.08821E-06

2.1424E=C5 4.8405E~02 1.2888E=05 2.2522E-05

1.1179E=03 ~7.TL4TE-0OL 7.2324E-(2 9.3347E~-03

TIME = 0.80000E+00C
RICCATI SOLUTION MATRIX

1.8124E+00 L1.0505E+00 1.8826E=-01 3.7382E-01 1.3909E-01

1.0505E+00 1.BLASE+00 1.0257E+00 8.0563E-01 3.2522E-01

1.8823E=01 1,025TE+0Q 2.6618E+400 9.4376E-01 4.5386E~01

3,73806E=01 A.0562E=01 9.43T6E-01 T.T633E-01 2.3150E~01

1.3908E=01 3.2522E~01 4.5386E-01 2.3190E-01 1.1242E-31

2.0043E~03 4.0042E=03 7.8437E=04 3.7197E=-03 1.0132E-03

£.640TE=02 1.4788E-01 2.0631E-01 1.3409E-01 4.5TelE-02

5.8201€=-03 =2,0893E=02 ~2.0866CE~06

=2.0B93E=02
~2: 8661E-06
7. 1182E~06
1,7082E-02

1.0917E=03
2. 4304E-03
=2.5291E=04
3. 0496E-03
6. 8178E=04
5. 8201E-03
=2, 0843E~02
=2, 6649E=06
7. 0703E~06
1. TOA9E~(Q2

2.00435E=-03
4. D040E-03
T.8434E=04
3. 7194E-03
1. 0133E~03
5.8237TE=-03
=2.071BE=-02

1.806%E-01
1,2849E-05%
=8.9832£=05
=5.3024E=-02

3.8363€E~02
9.9644E-D2
1. 7499E-01
1.1212E-01
3.5411E=02
=2.0843E=-02
1.8285E-~01
1.2TT2E-DS
~B.9856E~05
=5,2480E-~02

6,6407TE~02
1.,4788E~01
2.0602E~01
1.3409E~01
4.5TH2E-02
-2,0718E~-0D2
1.8694E-01

1.2832E=05
2.8883E=058
=40.3912E-04
-1.0201€~02

~3.502BE-06
~3.%857E=05
«~& TESTE~D4
~4.0158E~05
«3,CE51E~05
=-2.0€48E=-08

1.2755E=-05

2.08B83E=05
-4 ,59) ZE=-04%
-1.0301E~D2

~5. LTCE=D6
=4,2145€-05
=60 T17190E~04
=4s1327E=05
=3.,1258E=05
=2.8712E~0é&

T-1143E-06
=8, 0495E-05
-4.991 2E-04%

1.09426=-02

1.1665E~0Q]

4.4191E-05
T.260TE=04
2.0311£-03
Tal4B4E~D4
54T235E-04
T.0665E=06
=8.9500E-05
=4.9912E~04
1.0942E=02
1.1665E=01

5.,3126E-0%
T.4154E~04
2,0421€=03
7.1950E~0%
5.754TE~04%
T.0892E~06

1. T082E=02
=5.3021E~02
=1.0301E-02

1.1665E-01

T-37%48BE+0D

1.1072E~02
4. Q0490E~02
9.2C34E~01
4.5238E-02
2.1839E-02
1.T7089E=02
=5 ,24TTE~D2
-1.0301g-02
1.1665E~01
T.375QE+00

1.9597E-D2
5.5166E~02
9.2990€E=-01
5.1678E-02
2.4959E-02
l.7125E-02

1.2535E=-05 =B.8591E-05 =5.1277E~02



SOt

N

=5 0TT2=08 =4 ,264NE~D5 <6, TTI0E-04 =4.123TE=05 ~3.1245E=-0% =2,8713E=-06

De M54 £F =15
1.9572E-02

T.2919E~94
5.5182E-02

2. D42 4F =13
9. 2990E=01

T.17T1E-0%
5. 1663£-02

KEy THE TRANSIEMT ESTIMATE SAIN MATRIX

By 5501E~03  4L.1TGRE~03 2.86624E~02 6.6654E=03

1.98516=92 1.177CE~0Q2 5.6990E~D2 1.6658E-02

2.3298E=02 =B.61T2E=F2 5.5425E~02 2.9864E-02

1. 68072=02 1.0963E-02 5.2121E~02 1.2191E=02

feTIOQE=ID  S,NLTTE=D3  1.653TE~02 5.6394E~33

T.BBORE-05  3.5128E~03 2.39396-02 2.16606~05

245981603 ~]1.0062F=02 =5.6854E~02 2.56356-03
~1.20R37-246 1.3251E~04 =1.1218E=05 =6.9115E=06

2 L553E-05 4,8405F=D02 1.,32276~05 2.2687TE-05

L.27726=-03 =7,71406~71 7.2834E-02 9.4820E-03

TIME = Q.10000E+01
RICCATI SOLUTION MATRIX

2432205400 1,4385F400 2.3695E=C1 5.T7S0E~CL  1.8723E-01

1.43855+00  2.1T22E400 1.1784E+00 1.0887E+00 3.9178E=01

Z243632E-01 1.17B4E+D0 2.T1356+00 1.0621E+00 &4.TT7856E=01

S.TT49E=01 1.08B7E+00 1.0621F+00 9,1412E-01 2,.814BE-01

1.8T02E-01 3.,9178E~0G1 4.7T785E=-01 2.8149E=01 1.2323E=01

3., 114RE=03  5.5441F~03 1.4298E-03 4.4903E-03 1.2803E-13

1.0020E-31 1.9476E~31 2.2531E=01 1.5852E-01 B5.3H776-02
~7.1363E=06 =4,5493E=05 =6, T9LIE~04 =4.2628E=05 =3,1741E-)5

6,201 TE=25 71.5504E~04 2.0494F=03 7.2441E=04 5.T801E-04

29902602 LLFATBE~D2 D.358S5E=01 5.B966E-02 2.7439E-D2
KEy THE TRANSIENT ESTIMATE GAIN MATRIX -

1.2745E~02 6.3046E=03 4.0625E~02 B.7T479E-D3

246T9E=02 1.4721E-02 1.6409E-02 1.9595E-02

2,56T1E=02 =8.4945€6~02 6.34T7E=02 3.0882E-02

1993162 1.2466E~02 6.2081F=02 1.440TE=02

Ea THOGE~D3  6,52926-03 1.98TIE-02 6.1221E-03

S.6197E~05 3,5212F=-03 2.3994E~02 3.3734E~05

3. 540 6E=03 =9,7990E~03 =5.5112E~02 2.9276E-03
=1.2397E~06 1,3250E~04 ~1.1318E~05 —6.9340E=26

2. 171 1E~05  4.8405E~02 1.371¢E=05 2,28158~05

1o 4474503 =7.T132E-01 T.3326E-02 $.5938E=03

TIME = Q.,12000E+01
RICCATI SOLUTIDN MATRIX

2.9264E+00 1,8585F40Q 2,415TE-01 8.0190E-01 2.307BE£-01

1.85B5E+0C 2.506BE+10 1.2546E+00 1.3425E+00 4.4084E-01

2e4154E=01 1.2546E400 2.T220E+00 1.1214E+90 4.8559E-01

8,QL89E~D1 L.3425E+00 1.1214E+00 1.0448E+90 3. 1666E=01

2. 3ATTE~G1  4.4084E-D1 4.8568E-01 3.1666E-01 1.2936E-01

4.3252E-03 6.90%91FE=-03 1.746€6E-03 5.2049E~03 1.4688E-03

1.,36585~0F Z43581F-01 2.34586~01 1.8058E=01 S.950%5E-02
=0 40D 1E~0 € ~4,8045E~05 =5, TOTIE=04 =4, 3942E=05 «3.2095€E=Nn5%

125143605 T.6980E-04 2.05326-03 7.31416-04 S.B009E-04

5.7523E~-04

7.092BE-06 ~A.0948E~05 =4,991 2E-04

1.2852E=05

2+8883E=05 =4,9912E~04 ~1.03D1E~D2

1.09426~02

1.1665E~01

2.4956E-02 1.T7125E=D2 =5.1280F=02 =1.0201F=02 1.1665E=-01 7,3753E+00

3.1150E-03 1.0020E-D1
S.5439E=03 1.94T74E=01
L.4298E-03 2.25231E=01
4+ 4901E-03 1.58528-01
1.2803E~03 S5.3877E=-02
5.828DE=03 ~2.0582E-02
=2,0582E~D2 1.9120€-01
=2.8790E-06 1.23207E~05
7. 1299E=06 =8,TT3I4E-05
1. T165E-02 ~5.0001E~02
423254E=-03 1.3658E-01]
- 6. 9089E=-03 2,358lE~01
1. 7465E=03 2,3459E-01
5.2047E=03 1.B8058E~01
1.4638E-03 5.9505E~02
5.8319E-03 =2.0462E-02
~240662E=02 1.9490E=01
~2,8862E-06 1.20B5E-~05

T4 16B4E~0H ~A.6534E~05

-7.2350E=06
-4,5596E=05
=6.7510E~04
4,271 8E~05
=3,17%3E~-05
~2.8799E-06

1.2289E~05

2.8883E=05
~84.951 2E~D4
~1.0201E=02

=9, 4933E~06
~42B1l41E~05
=64 1970E~04
~4+4030E~05
=3,2106E~05
-2,886CE=06

1.2048E~D56

2« BBE83E~05
—-4,9012E=04%

6.4534E=05
T.57T33E~04
2.0491E=-03
1+2619E=0D4
5. 7824E=04%
T.1260E~06
~8,T7T3TTE=~0QS
=4.991 2E~04
1.0942E~02
1.1665E=-01

T.7568E=0%
T T200E-04
2.0528E=03
T«33L5E=04%
5.8031E~04
Tul645E~06
~8.6185E~05
=4.,9912E=04
1.0942E~02

2.9926E=02
b+D491E=02
9.3585E=01
5.8982E-02
2.7442E=02
1.T165E=02
-4 ,9998E~02
~1.0301E=02
1.1665E=01
7.3757E+400

4.11228-Q2
B.2119E=-02
9.3875E-01
6.56T72E-02
2.9180E=-02
L.72028=02
=4.8875E=02
=1.0301E~02
1.1665E=01



901

4,1100%=12 B8.2109E-32 G.3875€-01 6.5658E~02 2.9178E-02
KE; THE TRANSIENT ESTIMATE GAIM MATRIX

1. 7215E=12 8,6130E-03 5,.5772F-02 l.0625E-02

2.5T29F-02 1.7325F=02 9.34976=-02 2.1739E-02

2,6T90E~02 ~A.4348E-02 6.T7379E-02 3.1201E-02

2.2695E=02 1.3A44E-02 T,11686-02 1.5963E-32

T.42525=03 S5.8B77E-03 2.22208-02 6.38T0E-~03

1.1125%=04 3.5287F=03 2.404%45-~02 4.20865-05

4.00215-03 =6,56756-03 ~5,3586E-22 3. 1762E-03
~1.2675E~06 1,324BE=04 «1.14106=05 =6.943T7E=~046

2.18635~0% 4.8405E-02 1.,42096-05 2.,2909E=-05

1.5809€=-93 =7,T125E6~01 T.37906-02 9.6708E-03

TIME = 0.14000E+01
RICCATI SOLUTION MATRIX

3.682TF +00 2.2850E+00 1.9430E-01 1.0262E+00 2.6638E-01

2. 2850400  2.7930E+00 1.26B1E+D0 1.5496E+400 4.7308E-01

1.94276=01 1.2681E400 2.7162E+00 L.L1361E+00 4,.84TOE-O1

1.N2625400 1a5496E+00 1.1361E+00 1.1509E+00 3.3902E-01

7.6637E=01 4,730BE=01 4.,8470E~01 3.3902E~01 1.3224E-01

5,526 %E=03 8.0139E-03 1,8222E-03 5.77HBE-03 1,587TE-03

1.7221E=01 Z2.6858E-01 2.3662F=01 1.9794E-01 6.2991E-02
~1a 1665E=05 =5,0127E~05 ~6.T9A6E~04 =4, 5012E-05 ~3.2321E=05

R ATATE=0D5 T.AZ33E-04 2.05438=03 7.3749€-04 5.0149E~04

G.214BE=02 9,2271E-02 9.3941€E=-01 T7.0933E-02 3.0265E-02

KE+y
2. 1548E~02
3,3718E-02
2.70188=22
2.483TE~D2
T.AS5%E~T13
1. 22806=04
4. 349EE-Q3

~1.28%1E-06
2. 198 TE=G5
1. 6878E=03

4.5616%+30
2+69%4E+00
9.3451E~Q2
1.2332%+00
2. 9185E~01
6.5287E=-03
2. 064 4E~0]
~1.3762E~05
1. 0190504
6.2221F-D2

1.0889E=02
1.9418E-02
~8.4211E=-32
1.49%40E~02
6.1117E-03
3.5346E~03
-G,3889E~0D3
1.3247E~04
4 JR405E-02
=~TaT120E-01

2.6944E+00
3.01TTE+QC
1.2392E+00
1.7052E+00
4.9152E=-Q1
8.8386E-03
2+92696=21
-5.1649%E=05
T29214E~04
$.9BOTE=DZ

T.D685E=02
1.07226~01
6.B8266E-02
T.837TE~02
2.3686E-C2
2.4083F-02
=5 .2413E=-02
=1.1482E-05
1. 46256~ 05
T.4150E-02

RICCATI
9.3476E-02
1.2392E+00
2.7T140E+00
1.1232E+00
4,B027E-01
1. 7511E~03
2.3436E-01

—6.79T3E=04
2.053TE~C3
9.3874E~01

THE TRANSIENT ESTIMATE GAIN MATRIX

1.2113E=02
2.3116E~02
3.1142E~02
1.6933E-02
6. 5060E-03
4. T23TE=DS
3,3259-03
-6, 9594E=06
2+ 29T0E~Q5
9, TLT9E-03

TINE =

0.16000E+01

SOLUTION MATRIX

1.2332E+00
1.7052E+00
1.1232E+00
1. 2278E+00
3.5155E-01
6.1911E-03
2,101 8E=-01
=-4,5TRBE~0S
Te 421 4E~04
T+4&TTTE-02

2.9185E=01
4,9151E=01
4,802TE-01
3.5154E«01
1.3317E~D1]
1.6536E-03
6.4883E=02
=-3.244TE-N5
5.8232E-04
3.0863E-02

1.7202E=02 ~4.0877E~02 -1.0301E-02

5.5267E~03
8, D13TE~D3
1, 8221E-03
5. T786E=03
1. 5878E-03
5. 8350E-03
-2.,0369E~02
=2.8919E~D6
T.2014E=06
1.7231E=-02

6.6289E~03
8. B384E-03
1. 7511E-03
6. 1908E=-03
l. 6536E=D3
5.8372E-03
-2.0303E~D2
-2.8961€-06
T+ 2264E=0D6

1.72216-01
2+ 68595=01
2+ 3662E~01
1.9794E~C1
6.2992E~-02
=2.0269E-02
1.97T712E-01
1.1910E-05
=8.5529€E-05
“4.BQ010E~-02

2.0444E=-01
245270E-01
2.3436E-01
2.10196=01
5.4884E~-D2
=-2.0303E=-02
1.9966E=01
1.1787E-05
-8.4T7T8ZE~08

~1.17535E=15
~5.0222E~05
-6.798FE-04
-4, 809 RE-05
=31,232318=-25
~72.8518E=06

1.1893E-D5

2.8083F=-05
-4 ,9512E-04
~1.83010-02

~1.3B46E=-05
-5, 17TBGE-05
-6.T972E~04
~4.5873E=-25
=3.2457E~05
-2.8960E-36

1.17T0E-05

2.8883E-05
~4.991 2E=Q4%

1. 7251E=02 =4.7408E=0% =1.0201E~-02

l.1665E-01

9.1075E=05
T.8442E-2%
2.0540E-01
7,39198-04
5.8169E-04
T1972E~-D8
~8.5186E~05
~4.9912E~34%
1.0942E~02
1.1665E=01

1.0405E=-04
T.9413E~04
2.0533-03
T+ 4380E-04
5.8251E=-04
T.2220E~06
=-8,444TE-05
~4.9912E~04
1.0942E=02
1.1665E~01

T1.3T60E+00

5.2169E~02
3.2279E-02
2.3541E-01
T.0996E=02
3.0267E=02
1.7230E=-02
-4, 8007E=02
-1.0301E-02
1,16656~01
T.3T63E+00

6.22396-02
9.9813E-02
9. 3874E~01
T.47B9E=02
3.0864E=02
1.7251E~02
-4 . T405E~02
-1.0301€-02
1.16656=01
T.3T65E+00



Lot

KEy THE
Ze5423F=-02
3.6619E-22
2.&T30E~D2
24 63295~D2
8.0803E-23
1. 307 76-Q4
4.5854E-03

-1, 3042E=2¢
2+ 2079E=D5
1. 7610E-03

54550 4E 4230
3. D68 4E4+00
=5+4T41E=02
L4111 TE+D0
3, 0695E=-01
T.57362=03
2+31635-01
=1.55T5£~-05
1. 1371E=D4
7.0796E-02

KEy
2.8650E=-02
3.8569E~02
2.06224E=02
2.T26TE=D2
F,17776=013
1.3575E=~04
4, T299£=-01

~1,3137E=-34&
2.2140E=05
1.8064€-03

6.6359E+00

3,3953E+00"

~2.4049E=01
1. 556 2E+00
3,1265€=-01
8, 3341£-03
2. 5308E~01
~Le 7052E=35
1. 23T7E=04%
T.T63T7E=-02

1.2965E~02
2.0971C=02
=8.4350E=02
1.,5722E-02
6e2349E=3
3.,5384E~-03
~5.2648E=N3
1.3247E=04
4. 8406E~02
=T.7116E-01

3.,06B4E +Q0
3.1810E+00
1.18T6E+00
1.8137E+20
4,9998E-01
9.4102F=03
3.0913E=G1
=5,27T93E~05
T.,9930E~04
1.0499E=01

1.4734E=12
2.2041E=02
=B.4613E~02
1l.6227E=-02
642911E~03
3.54156=03
~9.186TE~Q3
1,3246E-04
4.8406E=-02
=7.7112E-01

3,3953E+00
3.2905E+0C
1.,128TE+00
1.8841E+)0
5.0206E=01
GaTTTIE=03
3.1948E-01
~5.350TE=-Q5%

8.0418E=04

1.0830E-01

B.4254E~C2
1.1737E-01
6. T34TE=02
8.3500E-02
2+ 44895~ 02
2.4110E=-02
=5, 1600C-02
=1.1534E=05
1.493 6E=05
T+4402E=-02

RICCATI
=5.4TLBE~02
1.18T76E+00
2.1232E+00
1.0975E+00
44 TS65E=0L
1. 6128E~03
2. 3022E-01
=6 T TE=04
2.0521E~03
9. 3746E-(1

9,5776E-02
1.2433E~01
6.5621E=02
8.67936=02
2.48536-102
2.4128E=02
-5.,1090£-02
-1.1567E=-05
1.51408E~05
74562602

RICCATI
=2.404TE=01
1.,128TE+D0
2.T453E+00
1.0691E+0Q
4.T7243E~01
1. 461%-03
Z2.25838=-01
=6,.1918E=04
2.0503€-03
9.3608E=-01

TRANSIENT ESTIMATE GAIN MATRIX

1l.3123E-02

2.3870E-0Q2

3.0942E~02

1.7458E=-02

6. 5399E-03

44 9993E-D5

3.4057E-03
=beI64TE=D6

2,3005E-05

9,7428BE-03

TIME = 0.18000E+01
SOLUTION MATRIX

1.4117E+00 3.0695E-01

1.8137E+00 4.999BE-D1

1.0975E+00 4.75656-01
1,2783E+00 3,5743E-01
3.5743E-01" 1.3313£-01
6.4594E-03 1.6841E-03
2.1801E=01 6.5729E-02
—~4e H299E-05 ~3,2850TE-D5
7.4536E=-04 S5,R2T4E~-D4

T1:T226E~02

THE TRANSIENT ESTIMATE GAIN MATRIX

l.3653E=-02
2.4181E=-02
3. 0T46E=-02
1. 7686E=02
6,5327E~03
5+1175E=~05
3.4381E-03
~6e 96TLE-Q6
2.3022E=05
9. 7533E=-03
TIME = 0.20000E+01
SOLUTION MATRIX
1.5562E+00 3.1266E-01
1.8841E+00 S5.0205€-01
1, 0691E+00 4.T243E-01
1.3082E+00 3,5935E~01
3.5935E=-01 1.3274E-01
6. 61T5E-03  1.693TE-03
2.2251E-01 6.5971E-02
-4, 6604E~05 =3.,252TE=-05
T 4T39E=04 5.8291F-04%
T7.8655E=-02 3,.L12I7TE-02

KE, THE TRANSIENT ESTIMATE GAIN MATRIX

/

3.1135E-02

T+ 5T3IBE~D3
9, 4099E-03
1.6120E=03
6. 4591E-03
1. 6841E-D3
5. 8386E-03
=2.0261E-02
=2.898BE=06
7.2435E~06
1.7264E-02

8.3343E-03
9, TTTGE~03
1.4619E=03
6.6172E-03
1.6937E-03
5. 839SE=D3
=2.0238E-02
=2.9004E-05

Ta2543E=06.

1. 72T1E=C2

2.3163E-01
3.0913E~01
2. 3023E-01
2.1801E-01
6.5T730E-02
=-2.0261E~02
2,008TE=D1
1.1TDTE-05
-8.4278E-05
-4, TQ29E~Q 2

2.5308E-01
3.1948E-01
2,2542E-01
2,2252E=01
6.5972E=02
=2.0238E~0D2
2.0154E=01
1.1661E-05
=8,3970€~05
=4.6814E=0¢

=1.5653E~05
=5.2880E-05
=6, T546E-04
~4.6383E~05
=3.2517E-05
~2.8987E=06

1.1£491E-05

2.,8883E-05
=4.,5912E~04
=1.02C1€-02

=1.,712€E-05
=5.3593E=-05
-6, 1S1TE~D4%
=4 .E66BTE-05
=3,25376~05
=2.9002E-06

1.1645F=05

2.8883E-05
4,851 2E~04
=1.0201E~02

}

1.15T2E~04
8.0121E=-04
2.0518E=-Q3
T.4699E=04
5.8293E-04
T.2391E=0£
=8.3948E~-05
=4.9912E=04
1.0942E~02
1.1665E-01

1.2564E-04
B,04604E-04
2.0500E=-33
T«4899E-04
5.8309E-04
T.2497E=06
=8.3¢643E~05
-4.9912E-04
1.0942E=-02
l.1665E~01

7.081 2E=02
1.0500E=-01
9.3 746E-01
T.T238E-02
3.,1137E=-0Q2
l.7T264E=-02
=4.7026E=-02
-1.0301E=-02
l.1665E=01
T+ ATHHE+DD

1. 7651E=02
1.0830E=01
9,3609E-01
T.8666E-02
3.,1219E=02
1. 727T1E=02

-4 681 2E=02

-1.0301E=-02
l.1665E=01"
T7.3T6TE+OD
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3,1154E=02  1.6144E-02 1.04%4F-01 1.3754E-02
3,97772=02 2.2722F-02 1.28T6E-01 2.4214E-0Q2
2.5698F~12 ~£8.489TE~"2 6.3767E-02 3.0623E-02
2.77905~12 1.6521E-02 A.BT1SE=-02 1.7T44E-02
B, 2031E=33 6A,30810=03 2.4961E=-C2 _ 6.5119E=03
1.2855F=04 3.5430E-03 2.412388-02 5,1453E-05
L4 A091I=03 =S5.1425E-33 =5.0803E-02 3.4645E-03
—-1.3191E=0£ 1.3246E=74 =1.15870-05 -6.96TTE-DO
Z.2176F=05% 4,0406E-22 1.5279E-25 2.302TE-Q5
1.83161-33 =7.,7112F~01 7,4653E~-02 S.T556E~U3
TIME = 0.22000E+01
RICCATI SOLUTION MATRIX
7LAQSLE+0D  3,6691F+30 =4,5284F-01 1.6658E+00 3.1054E=01
A.6691E400  3,35T20490 1.0726E+00 1.9262E+030 5,0057E-D1
~4,52965=01 1.0T26F+230 2.777TTF+00 1.0441E+00 4.T10RE-DL
1.66587+03 1.9262F+00 1.0440F+00 1432408400 3,5925E-01
3.1054%=01 5.005TF=01 4.T108E-31 3.,592%E-01 1.,3231£-01
2,90A85-33 9,9955E=03 1.3296£-03 6&.TO001E-03 1.6928F=03
2.68ACS-01 3.2543E-01 2.22086-01 2.2480E-0) 6.5918E-02
=1.8180F=25 =5.3037FE~05 ~&6.7B92E=-04 =4,6T46E-05 —-3,2526E-05
1.3191F=04 B,07T30E-04 2.0486F-C3 7,4855E~04 5,8293E-04
A.2T7295-32 1,1023F-01 9.3489C-01 7.9392E-02 3.1205E-02
KEy THE TRANSTENT ESTIMAYE GAIN MATRIX
3.2946E-22 1,7196E-02 1.1173E-01 1.3503E-02
4,0454€=02 2.3122E-02 1.3133E-01 2.4100E-02
2+5257F=02 =R.5142E-02 6.2168E~-02 3.0588E~-02
2.8060FE=02 1.66T4E-02 8.969%E-D2 1.7718£-02
P.1944E-33 6.3058E-03 2,4943F-02 6.4920E-03
1.19916=04 3,5438E-03 2.4143E-02 5.,1299E-05
4, R482E=03 =5,1206E-03 =5.,0662E-02 3.4390£-03
=1.32188=06 1,3246E=04 ~1.1593TE-05 ~6.96T4E~D6
2.2196E~05 &.8406E-02 1.5352E-N% 2,3027E-05
1, 8437E=03 =T, TL111E«01 T.4699%~02 9,7540E~03
TIME = 0.24000£+01
RICCATI SOLUTION MATRIX
9,045 16400 3.88TTE4ND =6.8134E=01 1.T426E+00 3,0243E-D1
180T +0C 3,.3922E+400 1.0253F+00 1.9488E+00 4.9751E-01
=6,AL36E=01 1.0253E40C 2.BLl6TE+00 1.0249€+00 4.7141E~D1
1.74265+0% 1.9488E+00 1.0249E+00 1.33106+00 3.5836E-01
7,02628-31 4,97%1E=21 4.7T141E~01 3.5837E-0!@ 1.3201E~01
a,30385-03 L1.0IL1E~22 1.229T€-03 6.7362E-03 1.4878E-03
2.79256=01 3,2843E=31 2.1933E-01 2.25T4E-01 6.5762E-02
=1.8980E=75 =S5.4170E~D5 =6.TATIE=04 =4,6839E~05 ~3.2517E~-05
1.3013F~J4% B.0914E-04 2.0472E~-C3 T.4912E-04 5.8283F-04
A.6197E=22 1.1123€-01 9.34705-01 T.9706E=-02 23.1159E~02
KEy THF TRANSIENT FSTIMATE GAIN MATRIX
3.499 1602 1.7912E-02 1.1633E-01 1.2990E-02
4,0780E=-92 2.332RE=-02 1.3266E-01 2.3928E-02

8, 9049E-D2
9.9952E-03
1.3296E-D3
6.+ H5999E-03
1.6927€~03
5.8399E-03
=2.0226E-02
=2.9013E=06
T.2604E=-086
1,7275€-02

9.3039E-03
1.0110E~02
1. 229TE=-03
6. T360E-03
1.6878E-03
5.B84G1E=03
=2.0221E-02
=2.9017E-06
T+ 26234E=06
1.727T7E=-02

2.6880E~-01
3.2543E~01
2.22GBE=-01
2.2480E-01
6.5915E-02
=~2.0226E=02
2.0187E-01
1.1638E~05
=8.3800E~Q5
~4.6TQ9E~02

2.7925E=-21
3.28432E-D1
2+1933E~-01
2+25T4E-Q1
6.5T63E~02
=-2.0221E-02
2.0199E~01
1.1628E~05
=8.3720E-05
=4.666TE=D2

=1.8247E=-05
=5.4020E6-05
=-6.T892E=04
=44 68A8BE=05
~3.2536E=05
=-2.59011E=0¢

1.1¢2ZE~D5

2.8883E-05
~4.9%12E-04
=1.0301E=02

-1.9041E=-05
~5,4251E=~05
-6, TET2E=D4%
-4.65206-05
-3,2527E~05
-2.9015E=06

1.1€12E=-05

2.8883E-05
- 4,551 2E~0%
~1.0301E~02

1.3364E~04
8.091LE=D4
2,0483E-03
Ta5012E+04
S.B311E~-04
T.255TE-06
=-8.3477E=D5
~4,9912E-04
1.0942E=-02
1.1665E~01

1.3971E~04
8.1088E-04
2.04569E=-03
T.506TE=Q4
5.83206E=04
T.2585E=06
=8.3403E~05
=4.991 2E-04%
1.0942E=-02
1.1865E~01

B.,27T40E=02
L.1023E-GL
9.3490E-01
T« 9404E=02
3.,1207E=02
1.7275E=-02
-4 .6T06E=-02
=1.0301E~02
1.1665E-01
TL.3THTE+DD

8.6207E-02
l.1123E~01
9.3401E=-01
T.9717E=02
3.1160E=-02
1.7277€E-02
~4.66565E~02
-1.0301E-02
L. 1665E=01
T«3T6TE+DD
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244944E=02 =B.532TE=02 6.09826-07 3.08630E-02
2.8162%=02 1.6T38F=02 9.011%=-02 l.7664E-02
Pe1T468-03 £,29608-03 2.48B0E-02 6.4788E=03
1,40428-04  3.5442E~03 2,41456-02 5.1003E=05
448593%=03 =9,1121E-03 =5,0607E-02 3.4299E-03
=1.3229E-06 1.3246E-04 —1,1601E~05 =5,9669E-06
2.2204E=05 4.B406E=02 1.53876-0% 2,3024E-05%
1. 8481E~03 =7.7111E-0)1 7T7.47L7E~02 9,7513E-03
TIME = 0.26000E+01
RICCATI SOLUTION MATRIX
1.2344E401 4,0520E+430 ~9.1662E~-01 1.7905E+00 2.9009E=01 9.5469E<03
4.0526E400  3,40S3E+D0  9,8906E-01 1.9591E+00 4.9413E-01 1.0161E~-02
=9.1663E-71  G,8907E~01 2,8584E+00 1.0123E+00 4.7299€=01 1. l642E=03
1.79355430  1.9591E400 1.0122E+00 1.3332E+400 3.5737E=01 6. 74585E=03
2.90085=21  4.9413F=D1 4,7299E~01 3,5737E=01 1.3187E~0]1 l.6824E=D3
9. 5468E-03 1.01626-02 1.16426=03 6.74685-03 1.6825E-03 5.8401E=03
2.85146-01 3.29626-01 2.1762E=01 2,2597E~01 6.5605E«02 ~2,0220E=02
“149489E~)5 =5.42TBE=05 =6.7859E~04 ~4,6863E-05 =3.2507E=05 =2.9018E-06
1.42598-04 A.10126=-04 2.0461E-03 7.4935E~04 5.8202E-0D4 T.2646E«06
BeB2506-32 1.1145€=91 .9.3343€=01 7.97T91E-02 3.1110E-02 1.7277E=02
KFs THE TRANSIENT ESTIMATE GAIN MATRIX
3,4693E=-02 1.8338BE=02 1.1992E=01 1.2299E=02
4,089¢E=02 2,3417E-02 - 1.3321F-01 2.3753E=02
2.4759E=02 =B.5443E-02 6,0228E-02 3.0T27E-02
2¢81815~02 1.8T57E~02 9,0225E~02 1.T7611E=Q2
Ba1557E~03  £.2861E=03 2,.4814E=02 6.4734E=03
1,43528=04 2.5442E~03 2.41466=02 5.0719E=-065
42 8635T=03 =9,1103E~03 =5,0597E=«02 3,.421TE=03
=1.32315~0¢ 1.3245E=04 =1.1602E=05 =6, 9663E-06
2.220T7€-05 4 8406E=02 1,5400E-05 2.30208-05
1. B487E-03 =T.TL11E-01 7.4721E=-02 9.T74878-03
TIME = 0.28000E+01
RICCATL SCGLUTION MATRIX
L.1688E+91  4.1645E+00 ~1.1508E400 1.8141E+00 2.7513E=01 9.6614E=03
4o l645E+10 3, 4046E+00 9.6431E~01  1.9623E+00 4.9014E=01 1.0L75€-02
=1.15088400 9.6433E=-D1 2.8997F+00 1.0053E+00 4.7532E-01 1.1291E-03
1.8141E400 1.9623E+00 1,0053FE+00 1,33306+00 3.5660E-01 6,7654E=03
2.75136-31 4.9114E~01 4.,7532E-01 3,5660E-01 1.3186E=01 1l.6783E=03
€.66136~03 1,0176E-02 1.1291E~03 6.7456E-03 1.6783E-03 5,.B401€=03
2.87T29E=01 3,2982E-01 2.1681F~01 2,2588FE=~7]1 6.5490E~D2 —=2.0220E=02
=1+ G753E-05 «+5.4312E~05 =6,7852E~04 =4,6862E=05 ~3.2499E=05 ~2.9018E~06
1.4550E-74  R,1056E=04 2.0454E-03 7,4940E-04 5.8276E=04 T.Z2648E-06
B.91326-02 1.11756=21 9,33146~01 7,9773E-02 3.1073E=D2 1.72776-02
¥Ey THE TRANSIENT ESTIMATE GAIN MATRIX
3.4828E~02 1.8521E~02 1.2013=01 1,150%E=02
4.0900E=02 2.3437E=02 1.3333F-01 Z.3605E-02
Ze46B2F=72 =B,5504F=02 5.GB49E-02 3,.0854E-02
2.8166E-02 1.,6753E=02 9,0197€=02 1.7572€6=02

2.85146-D1
3.2963E-01
2. 1T€3E=01
2., 20597E=01
6.5606E=02
~2.0220€E-02
2.02016=-01
1.1626E-D5
=8.3632E=05
-4 .6659E=-0¢

2.8730E=-01
3.,2982E=-01"
2. 1€681E=01
2.2588E=01
6.5491E=02
~2.0220E=02
2.0199E=01
1.1626E-05
=8, 3489E~05
=4.6665E=-02

- 1.9548E=-05
=5.4359E=-05
=6, T855E=04
=% 6944€E-05
=3.2517E=05
~2.5C1EE=-06

1.14609E-05

2.8883E-D5
=4299] 2E-04%
=-1.,0301€=02

=1.98C5E~05
=5.4393E=-05
6. 7852E~04
-4 .6944E-05
=3.2509E~05
=2.5C1EE=~D8B

L. 1610E-Q5

2.8882E~05
=4.9912E=-04
=1.0201E-02

1441 CE~ 04
2.11906~04
2.0459E =03
7.5094E~04
5.8301E-04
7.2598E-06

~B.3368E~05

-4.991 28 ~04
1.0942E-02
1.1665E=01

1.46BBE~04
8,1231E-04
2.0452E=-03
7.509TE=0%
5.8295E=04
T7.2600E=~06
=8.336BE-05
-4 +991 2E=04%
1.09426=02
1.1665E~01

8.,8258E-02
1.1166E=01
9.3344E=01
T1.9802E=-02
3,1111E=-02
L.7277€-02
=4.,665TE=-02
=-1.03018=-02
1.1665E=-01
T.3Ta6TE+DD

8.9138E-02
1.1176E-01
9.3315E~01
T7.9785E=-02
3.1075e=02
1.72T7E=02
=4 .6662E-02
=1.0301E-02
l.1665E=-01
T.3T67E+Q0



011

Fo 1425E=03 £,2T785E~03 2,4T64E-02 6.4T43E=-03
1.4043E=24 3.5442F-03 2.4146E-02 5.0513E-05
4,85716=03 =S, 1115€6=-03 =5.0805€~-02 3.4161E-03
~1.3229E6=06 1,3246E~04 =1.1602E-05 ~56,9659E=06
2.2237E=75 4.8406E-02 1.5402€-05 2.3017E=05
1. B4TBE~N3 ~T.TIL1E=0L T.4TLSE=02 S. T469E=03
TIME = 0.30000E+01
RICCATI SOLUTION MATRIX
1.306854¢01 4.2290E+00 =1.37756+00 1.8LB5E+0C 2.5893E~01
4,22905+400 3.3963E+00 9.5003F-01 1,9620E+00 4.B8A5E-01
-1,3775E+°C 9,5005E=-01 2.9383€+400 1.Q002BE+00 #4.7798E«01
1.8LB5E+00  L.9620F430 1,0027E+90 1,3322E+00 3.5613E-01
2.58935=01 4.B8A5E=01 4.77981=01 3.5613E~01 1,3194E=D1
9, 6T44F=33 1.01726-02 1.1176E~03 6.7407E-03 1.47598-03
2.BE55E=)]l  3,295T7E-01 2.1667E~01 2.25T1E-01 6.5429€=02
=1.G821F-N5 =5.4310F—05 —6.7849E~04 —4. 6B54E~05 —3,2494E-05
1.47125-04 BL10T0E-D4 2.04506~03 7.4938E~04 5.8272E-D4
B.9096E-32 1,11TOE-01 9.3306E-0L 7.9725€-02 3.1052E-02
KEy, THE TRANSIENT ESTIMATE GAIN MATRIX
2,463 1E=02 1.A515E-02 1.2091F-01 1.0672E-02
4.0856E~02 2.3426E~02 1.332%~-01 2.3495E-02
2. 468 4E~02 =8,5521E-02 S5.975TE-02 3.0993E-02
2,8144E-02 1.6T43E-32 9.01316=-02 1.7550E=02
8, 1361F=93 £H.2741E=03 2.4737E~02 6.4794E-03
1.4031E-34 3,54426-03 2,4145E-02 5.0398E-05
4.B5336=03 =9.1133E=03 =5.0617E=02 3.4133E-03
=1,22278=6 1.3246E=04 =1.1602E-05 =6,2657E~06
2.2206F=05 4,8406E-02 1.5399€~05 2.3015E-05
1. 866TE=03 =7, 7111E=01 7.47T16F=02 $9.7439E-03
TIME = 0.32000E+01
RICCATI SOLUTION MATRIX
144656401 4.2500E+00 -1.59L85+00 1,8084E400 2.4259E-01
4.2499E4D0  3.3B49E4+00 9F.4458F~01 1.9604E+00 4.8733E-01
~ 1. E91BESID  S,4459E=01 2.9726C+00 1.0034E+400 4.8063E-D1
1.8084C+00 1.9604E+00 1.0033E+00 1.3313E+00 3.5595E-01
2.4258E-01 4.R73I3E-01 4.8063E-01 3.53956-J1 1.3207E-01
9,6118E=03 1.0162F02 1,1224E~03 6.T3626-03 1.6750E-03
2.8371E=01 3.2920E-01 2.1698E-01 2.2558E-01 6.5414E-02
=1.9T42E=05 =5,4295E=05 =64 7849E=04 =&, 6846E-05 -3.2491E-05
1. 47T1E=-04 8,1069E=0& 2,0449E-03 T.4933E-04 5.8270E-D4
B.83B4E~02 1.1160E-01 9.3313E-01 T.9683E-02 3.1045E-02

KEy
3,4190E-02
4.0804E=-02
2+ 4T38E=D2
2.B12TE-D2
f.13536-03

1.8369E-02
2.3405E-0D2
=-8.8506E=02
1.&735E=-02
6.2728E=-03

1.40225~34 3,5441E~D3

1.1899E=-01
1e3311E=01
5.9859E~02
9.00T4E=02
2.4T29E=02
2.+4145E~02

THE TRANSTENT ESTIMATE GAIN MATRIX

9, B504E-03
2:,3425E-02
3.112TE-02
1.7542E=02
6. 4066E-03
5.0361E=0%

9.6745E-03
1.0172E-02
1. 1176E=03
6. T404E~03
1. 6759€=03
5.B401E-03
=2.022)E=02
=2.9017TE-06
T+ 2646E=06
L. 727TTE-02

9. 6119E-03
1L+0162E=02
1. 1224E=03
6. T359E-03
1. 6T50E-D3
5.8401E=03
=2.0222E-02

-2, 901 TE=-D6

T 2643E-06
1+ T2TTE~D2

2.8655E-01
3.2957E~01
2.166TE=01
2,2572E=01
6.5430E=02
=2.0221E=-02
2.0196E-01
1.1£28E=-05
=8,.3697E=05
b HGTHE-Q2

2.8271E=-0]
3.2920E-01
2. 1699€-01
2.2958E-01
6,541 4E=02
=2.0222E-02
2.0194E~01
1. 1629E~05
=-8,3T06E=05
=4 . 668002

«1.5869E~05
-5.4390QE-05
=&6.T84BE=0%
=4, £935E~05
=3.2503E=-05
“2.9016E-06

1.1£12E-05

2.8883E~05
-4.9912E-04%
=1.0301E=02

~1.S787E=-05
«5.4375E=05
=6.T7849E=-04
—4.662TE~05
~3,2502E-05
~2.90156=06

1.1£13€=05

2.8RE3E~05
=4,.,591 2E-04
~1.0301E-02

L.48426=-C4
8.1243E-04
2,0448E-03
7.5093E-04
5.82905=04
7.2598E~D&

~8.3378E-05
-4 .9912E-D4&

1.09426=-02
1.16656~-01

1.4892E-04
8.1242E-04
2,044 TE=C3
7.5089E=D4
5.828BE-04
T.2596E-06

=8.3386E~05
4,991 2E=-04

1.0942E-02
1.1865E-01

8.9102E-02
1.1170E=-01
9.3307E-01
T«9736E-02
3.1054E-02
1.72TTE=D2
-4,66T1E=02
-1.0301E-02
Le1665E-01
T.3T6TE+OO

B.B388E~02
1.1160E-01
9.3314E-01
7.9695E-02
3.104TE=Q2
1la7277E-02
-4 66T8E~D2
=1.0301E-02
lo1&65E=01
T.3T6TE+DO



111

448508 =03 =9, 1147E-23 -5.0626E-02
1.32246E=394 ~1,1601E=05

~1.3225E=06
2+2205E=75
1. B458F=03

1.5872E+01
4. 2321F+00
~1.T903E+30
1. TRR3Z+N0
2+ 2695F=01
9. 49T726=-03
2+ T4 6E-01
-1.955GE=05
1. 47525-04
8,72135-02

4 84906E-02
=7, 7TLL1E-71

442321E400
3.3736F+00
9. 4608BE~N1
1.9589E+00
4,.8652F=01
1.01536=-02
3.2890E-01
~5.4279E-05
2.1063E~D4
1.1151E-01

1.53%5E~05
T.4T13E=02

RICCATI
~1.7902F+00
9. 4607E~01
3.0020E+00
1.0059E+00
4.8306E=-01
1.137T2E-03
2+1756E~71
~62T852E~04
2. 0449E~-03
9,3328E-01

KEy THE TRANSIENT ESTIMATE GAIN MATRIX

3.75956-02
4,0765E-02
Z.4821E=02
-2, 81192=02
. 1383E=03
1. 401 RE=04
4, B500F-)3
-1.22256=2¢
2. 22D4E~)5
1. A45 58013

1. 7274E+01
4. 1RD4E+N0
—~1.STDEE+00
1. 7620E +30
2.1263E-01
9,3507E-03
2. T443E=-01
-1.93116=35
1. 467 T304
B.5TT1E-D2

KEy
3. 291 TE=-D2
4,014 TFE=-02
2. 6913E8=02
2+.8121%-02
Be 1434E~03
1 401 9E=04

1.812BE=02
2.3397E02
-8.5476E=02
1.6729E~02
6.2733€-03
3.5441E-03

=9.1154F-03

1.3246E=-04
4.8406E=22
=7.7111E-01

4.1804E+00
3,364 6E400
9.52T0E=01
1.9581E+Q0
44 8629E~01
1.0148E-02
3,2875€-01
=5.427T0E=05
8. L0 TE~C4
l.1146E-01

1.7832E-22
2.3378E=-02
- H.5435E-02
l.6T30E-02
6.2T54E-03
3.5441E-03

1.1735E=01
1.3299E~01
6. 0076E=02
9,004 56=-02
2.4734E-02
2.4145F=02
-5 .0630F~02
=1.1531E-08
1.5393E~05
74Tl 2E=02

RICCATI
=1.97T0EE+00
9.5269E-01
3.0264E+00
1.0094E+60
4.A514E=-01
1.156TE-03
2+ 182401
~6He TAS5E=04%
2.0450E-03
9.3348E-01

1« 1538E~01
1.3293E=01
6,0345F=-02
9.0044E~Q2
2.4T4TE=O2
Zw4145E«02

4. B50465=03 =9,1152E~03 =5.0629E-02

=1.,2225E=06

1.3246E=24

=1.1601E=05

3.41286-03
—6.9656E-06
2.3014E~05
5. 7456E=03
TIME = 0.34000E+01
SOLUTION MATRIX
1. 7T8A3E+00 2.2696E-0L .
1. 9589E+00 4.86526-01
1. 0059E+00  4.8306E~01
1.3308E+00 3.5598E-01
3,55986-01 1.3222€-01
6.7337E=03 1,6752E-03
2,2551E-01 &.5431E-02
=&, 6B4DE~05 ~3,2492E~05
7.4929E~04 5.8268E-04
T.9661E-02 3,1049€-32
9,0783E=03
2.3390€-02
3.,124TE=D2
1. 75456=102
6.4944E=03
5,0378E~05
2. 4138E~03
-6.96566=06
2+3013E=0Q5
5. T459E-03
TIME = (.36000E401
SOLUTION MATRIX
1. 76206400 2.1264E-01
1. 95816400 4.8629E-01
1. 0094E+00 4.8514E-01
1.33086400 3.5614E-01
3,56156=01 1.3236E~-01
6.7333E~D3 1.6762E-02
2.2551E-01 - 6,5486E~02
=4, 6839E=05 =3.2493E=05
7492 TE=04 S.B268E-04
7.9660E-02 3.1058E-02

THE TRANESIFNT ESTIMATE GAIN MATRIX

8. 3825E~03
2.3383E=02
3, 1348E=D2
1. 7553E~02
6.5016E~03
B« 042TE~DS
3.4157€=-03
=64 2657E=06

94 49T72E-03
1.0153E=-02
1. 1372E=-D3
6. T334E-03
1. 6752E=-03
5., 8401E=-03
=2.0222E~D2
=2.9016E~06
T.2641E~06
L.727TE~CZ

9. 350TE~D3
1.0148E=02
1. 1568E-03
6. T3I31E-D3
1.6761E-03
5.8401E-03
~2.0222€-02
=2.9016E~06
T.2640E=D&
1.727TTE=02

2.7946E=01
3.2890E-01
2.175€E=-01
2.2551E=01
6.5431€-02
=2.,0222E=02
2.0193€=01
1.1&630E~05
-8.3712¢-05
=4.66083E-02

2.7443E=01
3.2876E-01
2e1824E=01
2.2551E=01
6.546TE=02
=2.0222E=02
2.0193=~01]
1.1£30E=05%
-8,3T15E=05
=4 +6683E=02

=1.9801FE~D5
~5.4360E-05
«~&.TB52E=-04
-4.6922E~05
-3 ,2502E~05
-2.5C15E-086

1.1£14E=D5

2.8883E-05
=4.9%12E=04
-1.0201E-02

=1.9251E-05
~5.4350E=-05
=& TB55E=0%
-4.6921E=05
=3.2502E-05
~2.9015E-06

1.1614E-05

2, 9883E=05
-4,99L2E=04
-1.,0201€-02

1.4864E=-04
8.1235E~04%
2.044TE~Q3
1.5085E-04%
5.8287E-04
T.2592E~06
-8,3192E=05
=4,9912E=04
1.0%942E-02
1.1865E-01

1.4784E~04
8.1230E-04
2.0448E-03
7.5083E=-04%
5,828 7E=04
Te2591E=-D6
- 8.3394E~-05
=4%,9912E=04
1.0942E-02
1.1665€E=01

Bs7216E~02
1.1151E~01
943329E~01
T«36T72E=02
3.1050e~02
1.T276E~02
=4.,6681E=02
=-1.0331E=02
1.1665E-01
T.3T6TEHOQ

8.5774E~02
1.1147E~01
9.3349E~01
T.96T1E-02
3.1060E~02
1.7276E~02
-4 6568 0E-02
=-1.,0301€-02
141665E~01
T+3T6TE+QQ



g1t

2. 2204k~05  4.8406E-02 1.5391F=05 2,30l3E~J]5
1.84575~03 =7.7111E=01 7.4712E~22 S.T464E-03
TIME = D.38000E+01
RICCATI SOLUTION MATRIX
1.R661E+01 6,099BE+00 =-2,1315F+00 1. T326E+Q0  2.0002E-01
4,C09B5+00 3.3591E+70 9.62TT7F=01 1.9581E+00 4.RO4TE=Q1
~2.1315E 400 9,48279E-01 3.0459E+C0 1.0131E£400 4.86630-0]
1. 73263400 1,9581E400 1,DL3LE+00 1.3310E+00 3.5636E=01
24C0U2E-N1  4,R6ATE-D01 4,86R83F=01 3,5637E=-01 1.3248E-31
9,18925-073  1.0148E~92 L1.17756=03 6.734TE-03 1.6TT4E=-03
2.69108=01 3.2877E-~01 2.1R93E~Cl 2.2556F=-01 6.5508E-02
=1, 902 GE-05 —5.4269F=05 =H.TASAE~04 —~4.6841E~05 =3,2495E-05
l. 456TE=24 B8410656=74 2.0451E=GC3 T.492TE-04 S5.0260E-04
A, 420 1E-02 1.1147E=91 9.,336BE=01 7T 96T4E-02 3.1070E-02
KEy THE TRANSTENT ESTIMATE GAIN MATRIX
3,2218E=02 1,75L26-02 1.1322E-C1 7T.7796E-02
4.07T518~02 24337BE-02 1,3293E-01 2.3395E-02
25004502 ~£.5394E-02 6.0621F=-02 3.1429E-02
2.B129E~32 1.6732E-02 9,0064F-02 1.7565E~02
B, 1691E=33 6.2779E~03 2.4764F-02 &6.5077E-03
1.4023%=04  3.5441E-03 2.4145F~02 5.048%E-05
4,85225=033 =S.1145E-03 ~5.0624F-02 3.4178E-03
~1.2225E=0¢€ 1.3246E~74 ~1.1601E-05 ~6.965BE~06
2.22045=15 4.B406E~02 1.5391E=05 2.3014E-95
le B4615=03 =7, 7LLIF-01 7.4713E~-02 S.7470E-03
TIME = 0.40000E+01
RICCATI SOLUTION MATRIX
7.00222401 3.9948E+00 =2,2727C+00 1.T028E+30 1.8933E-01
I.994FF +10  3.358NE400 9.T494E-01 1.9530E+00 4.8691E-01
—2, 27275400 S.T495E~N1 3,06L0E+00 1.0l67TE+00 4.8B13E-01
1.T02R5+00  1,9590E+00 1,0166E¢00 1,3315E+00 3,5659E-01
1.8932E~21 4,8692E=01 4,8813E-01 3.5660E~01 1,32580~01
9,02589%-03 1.01%3E~02 1.1969F=03 6.73I71E-03 1.56THBGE=D3
2.£3856=01 3.2803F«0l 2,1956E-01 2.2565E-01 6.5550E~02
=1.8T3BE~15 =5.42TTE=DS =6, T862E~04 —4,6845E~05 ~3,2497E=-05
1. 4438F=24 E,1057TE~-0&4 2.0452E~03 1.4928E-04 5.8270E-04
£.2654E-32- 1a1151E=01 9,3387E-0L 7.9698E-02 3.1082E=02
KEy THE TRANSTENT ESTIMATE GAIN MATRIX
2,1541E=32 1.,7188E=-02 1.1139%~01 7.2774E~02
4,07T3E=02 2,3386E-02 1.3200E~01 2.3419E=-02
2.50850-02 -8.5357E-02 5,0875F-02 3.1489E~02
2.8140£=02 1.6736F~02 ©9.0097E-02 1.7576E-02
B.154£5=03 &.2800E=03 2.4781E-02 6.5124E-03
1, 40298=04 3,5441F=03 2.4145E-02 5.0551E=-35
4.0543F=03 =9,1139E=03 =5.0618E~02 3.4198E-03
=1.322€F=78 1.3246F=24 =1.1601E~09% —6.9659E-06
2. 22045=15 4.B406E-02 1.5392E-05 2.3014E~-0S
. I B IEE Ll T I e T - i 0 Bl o ¥ ]

9. 1892E-03 2.6910E~01
1.01488=~02 3.2877E~01
1. 1775E=03 2.1893E-01
6.73456=03 2.2557E~01
1. 67T4E=03 6.5509€-02
5. 840LE=03 =2.0222E=02
~2.02226-02 2,019501
-2+ 9016E-06 1.1630E-0S5
7.2640E~06 -8.3T7T15E~05
1.72TTE=-D2 =4.6680E-02
9. 3260E=03 2.6385E-01
1.0152E-02 3.2894E-0D1
1. 1969E~03 2, 1954E=01
6o TIHIE=03 2,2565E~01
1. 67T86E-03 6.5551E-02
5.8401E~03 =2,0222E=D¢
~2.0222E-02 2.0196E-01
=2.9017E=06 1.1629E-05
7. 2641E=06 =8.3T12E-05
1.7277E=-D02 =4.66T5E~02

=-1.90£5E=-05
=5.4350E=05
=64 T1AS9E~04
=-4.6523E=05
-3.25QFE-05
=2.9C15€=04

1.1€13E=05

2.80883E=05
=4 .,9912E-04
=1.0301E-02

=-1.8777E~05
~5,4362E~05
-6, 7862E-04%
~-4.6929E=05
-3.,2802E~D5
=2.9015E~-06

1. 1€12E=05

2+8883E-05
=-4.991 2E-04%
=-1.0301E-02

1.4669E-04
8.1230E-04
2.0449E-03
T7.5085E~04
5.8288E-04
T.2591E=-06
=B.3391E-0%
~4.9912E~04
1.0942E=~Q2
1l.1645E-01

1.4537T€E=04
§.1236E=-04
2.0451E=-03
7.508TE=D4
5.8290E-04
7.2597€~06
-8,338%E=-05
~4.9G12E=0%
1.0942E=-02
1.1665E~01

8.4213E-02
1.1147E=-0L
9.3369E-01
7.9685E-02
3.1072E=-02
1.7277&-02
-4 66TTE=D2
=1.02301E-02
1.1665E~01
T.3TGTE+QO

8,2652E~02
1.1151E-01
2.3387E-01
T.9707E~02
3.1084E-02
1. T2TTE~-02
-4, 66TIE-D2
=-1.0301E~-02
1.1665E=01
T«.3T6TE+RO



€11

TIME = {(.42000E+01
RICCATI SOLUTION MATRIX

2. 134TE+J1  3.8TO0E+0D ~2.3944E+00 1.6743E+00 1.8061E-01

387002400 3,3613E+00 Q.RBOTE~DOL  1.9460G5E+00 4.8T749E-01
=2, 3945E4+00 S,.8808E~01 3.0723E+00 1.0198E+00 4.8907£=01

1.6T43E+70 1.9605E+400 1.0197C+00 1.3320E+00 3.54680E=0]1

1l.A061E~-D1  &4.8750E~0L 4.8907E~-01 3.5680E-0) 1.326%E-01

8, 870BE=03 1.0l61E~02 1.213BE=03 6.7400E-03 1.56798E~D3

2a5836F=01 3,2920E~31 2.2009E~01 2.2574E-D1 6.5S86E=02
~ 1. 8458E~05 ~5.4291E=0% =46,.TB65E~04 =4.6850E-05 =3.2499E~05

1.4303-04 8,1062FE~04 2.0454E-03 7.4930E=06 5.8271E=-04

8.11888=02 1.1159E-01 9.34026-01 7,9725E-02 3.1093E-D2
KEy THE TRANSTENT ESTIMATE GAIN MATRIX

2,09218-02 1.6890€-02 -1.0909E-01 6.B7T4E-03

4.0800E-02 2.3403E~02 1.3311E~01 2.3448E-02

245152502 ~8.5323E~02 6.,1091E~-02 3.1533E=-02

ZaB1B2E~02 1.56742E~02 9.0134E-02 1.7586E-02

8.15928-03 6.2824E=03 2.4795E-0Z 6.5158E-03

1. 4036E~04 3.5442E~03 2.4145E~02 5.0604E-05

4.85645=03 ~9,1128E=~03 =5.06126=-02 3.4215E-03
=1.32288=-06 1.3246E-04 =1.1601E=05 =6, 2660E-D6

2,2205E=35 4,8406E~02 1.5394F=-05 2,3015E=-05

1,8473E~03 ~7.7111E=~D]1 7T.4717E~02 S.T481E-03

TIME = 0.44000E+01
RICCATI SOLUTION MATRIX

2.2628E+01 3.T293E+00 «2.497TE+00 1.06484E+00 1.T384E=01

3.7293E+00 3,3692E+00 1.Q013E+00 1.9625E+00 4.8810E-01
=2.49TTE+00 1.00L13E+00 3,0805E+00 1,0223E+00 4.8972E-01

1.6484E+00 1.9625E400 1.D222E+00 1.3325E+00 3.56964E-01

1.7383E~01 4,B8811E-01 4.8972E~01 3.569T7E=-01 1.3270E-01

B.7305E~03 1.0172E-02 1.2274F-03 6.7427E-03 1.6807€~03

2.5462E=31 3,2954E~-01 2.2051E~01 2.2583€~01 &6.5614E-02
=1.82328~05 ~S5.4310E~05 =6.7TB6TE=D4 = 4.6855E~05 =131.2501E~05

1.4170E~34 B.LI0TIE~04 2.0485E-03 T.4932E-Q4 S5.8272E-04

Te9874E-02 1.1169E-0) 9F.3415E-01 T.9751E-02 3.11028-02
KEy THE TRANSIENT ESTIMATE GAIN MATREX

3.0377E~02 1.8620E-02 1.0731E-D1 6.575BE~-03

4,0851E~02 2.,3424E~02 1.3324E-01 2.347TE-(2

2,5205E=-02 =8,5397E~02 6.1265E=-02 3.1561E-02

24B163E~02 1.6748E-02 9.017T0E=02 1.7593E-02

8.162TE~03 b6,2B41E~03 2.4B07€-02 6.5180E-Q3

1. 40426~04 3,5442E«33 2.4145E~02 5.0646E-05

44 B583E=-03 ~9.1118E~03 ~5,0605E-02 3.4228E-03
=1,3229E-06 1.3246E-04 =1.1602E=05 =6.9661E=08

2.2205E~05 4.84086E~02 1.53956-05 2.3015E~05

1. 84 T9E«03 =7 TL1AE=0L 7.4T196=02 9.T7485E-03

8. 870BE=-03
1.0161E=C2
L.213BE=-03
6. T1397E=023
1, 679TE=03
5 8401E=«D3
=22 0221€~02
=2.90{TE~-06
7. 2642E-06
1.727TE-02

B.T306E-03
1.0171E=-02
1.2274E~D3
6. T424E-03
1.6806E-03
5.8401E=03
-2.0221E~02
=2. 901 TE-D6
T.2643E-06
1.727TE=-02

Z2+.5896E=01
3,29216=-01
2+ 2009E-01
2.2574E-01
6. 5586E=02
=2.0221E~02
2.,0198E~01
1.1828E~05
=B« 3TD9E~05
~4 JH6HTOE-02

2.5562E=01
3.2954€~01
2.2051E~C1
2.2583E~01
6.5614E~02
~2.0221E~02
2.0199E~01
1.1627TE~05
=8.3705E=-95
=4.6666E=0¢

=1.8454E-05
=5.43T4E=-05
=&+ TEE5E=04
=4, &S34E=-05
=3.,2510E~05
~2.9C15€~06

1.1611E~-05

2-8833E-05
4,961 2E~04
~1.0301E-02

=-1.8241E-05
=%, 4 396E~05
=6+ TEEEE~O4
—~4. 6540E=-05
=3.2512E-05
~2.9016E-06

1.1£30€E~05

2.8883€-05
4,991 2E=-04%
=-1.0301F~02

1.441 1E~C4%
Bal24TE=04%
2.0452E~C3
T«5093E~04
5.829 LE=04
Tu259TE~D6
=8.3378E=-05
=4.9912E=-04%
1.0942E-02
1.16565E-01

1. 427TTE=04
8.1256E=-D4
2.0454€=-]3
T+50956~04
5.8292E-04
T.2597E~06
= 8.33T4E-05
-4.99]1 2E-04
1. Q%4 2E~02
lel1665E~D1

8.1183E=02
1.11%9E~01
9.3403E~01
7.9733E-02
3.L094E=02
1.7277E=-02
=4, 5H68E-02
=1.0301E=~02
1.1665%E=01
1.3767E+00

T.9879E-02
lLall69E~01
F23416E-01
T:9762E~02
3.1103E-02
1.727TE=G2
=4.,6663E-02
=1.03Q1E=02
l.i1665E=-01
T3THTEHGO
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2.3858E¢01
3. 57645400
-2, 583 6E+00
1.62615¢09
1,688 7E-01
£.60945-12
2.5094E-01
-1, 797 9E=05
1. 604 85—04
7.8T48F-02

3,57T45E+400
3.3814E+00
1.0140E+0Q
1.9644E400
4.886TE~D1
1.0183E~-02
3.2990€-01
-5,.4331E=05
8.1082E-04
1.1130£-01

RICCATI
=2.5836F+00
1.0143E+00
3.0851€400
1.0242E400
4.9013E-01
1., 23TBE=-D3
2.2082E-01
—6,TBE9E~-Q4
2. 0D456E-03
9,.3425E-01

KE, THE TRANSIENT ESTIMATE GAIN MATRIX

2.9922E-02
4,0896E=-02
2.5243E-02
2.B172F=02
8,1652E~03
1.4047E~D%
4, 8595E=03
—1-3230E-06
2. 2206E-05
1. B434E-03

2.5031E+01
1.4147€+00
-3 A5IEE+0D
1.607TTE4DD
1. £555E~01
8.5095E=-02
2+AT9TE~DL
~1.,TT93E~05
14394 1E=-04
7.782BE~02

1+6377E=-02
2.3444E~02
=-8,52T7E=02
1.6751E-02
6.2851E-03
2.5442E-03
~9.1112€E=-03
1.3246E=04%
4.8408E-02
=-7.7T111€-31

3.414TE+00
31,.3976E+00
1.0257E+00C
1.966TE+QQ
4.8914E-D1
1.0194E-02
3.3024E-01
=-5,4352E-05
8. 1093E-04
ls1191E-01

1.0578E-01
1.3339E-01
6. 1395E=-02
9.0200C~02
2.4815E~02
2.4146E=02
-5 ,0600E-02
=1.16Q2E-Q5
1.5397E~0S
T«4T20E-02

RICCATI

-2, 6536E+00
1.0257E+00
3.0898E+00
1.0255E+00
4+ 9036E~01
1.2452E~03
2. 2104E=0Q1
-6 TBTLE~O%
Z2.0457E=03
9.3432E-01

KE, THE TRANSIENT ESTIMATE GAIN MATRIX

249560E-02 1.6198E-02
£,0939E~02 2.3468E=02
2.52TOE=02 ~0.5264E=02
2.81T9E=02 1.6756E«02
B. 166BE=03 6.2861E-03
1. 4051E=04 3.5442E-03

4,8610E=03 —9.1105E~03
«1.3230E=-06 1.3246E=06 —1,1602E-05

2, 2206E-05

4.8406€E-02

1.848 7E=03 =7, Ti11E-D1

1.0654E~01
1.3353E~01
6.148TE=02
9.,0224E-02
2.4820E~02
2.41466-02
=5.0696E-02

1. 5398E~05
T.4T21E=-D2

TIME = 0.46000€+01
SOLUTION MATRI X
1. 62616400 1.6B8TE-N1
1.9646E4+00 4.8B6TE=01
1.0242E+00 4.9013E-01
1.3329E+00 3,5T08F-01
3. 5708E=-01 1.3273E-01
6. T&51E=03 1.4813E~03
2.2590E=01 6.5634E-02
=4, 6860E-05 =3.2502E-05
T. 4934E=-D4  5.8272E-04
7.9773E-02 3.1108F-02
6.3654E~03
2.3503E~02
3.1578E~02
1.7599E€-02
6. 5193E=03
5,0675E~05
3,4237E-03
=6,9661E=06
2.3015E=05
9. 7488E-03
TIME = 0.48D00E+D1
SOLUTION MATRIX
1,6077E+00 1.6556E-01
1.966TE+00 4.8913E-01
1. 0255E+00 4.9036E-01
1.3333E+00 3.5716E~01
3.5716E-01 1.3275€-01
6, T469E=03 1.68l7E=03
2.2596E=01 6.5646F=02
~4,6863E~05 =3,2503E-05
7. 4936E=04 5.82T3IE-04
To97T91E=-02 3.11128~02
6., 2368E=03
2.3523E=-02
3,15088E~-02
1.76026-02
&.5200E-02
5. 0694E~05
3. 4243E-03
wHaI661E-06
243015E~05
9, T489E=03
TIME = 0.50000E+01

8. 6094E-03
1.0183E~-02
1. 2378E-02
6. T448E~D3
1,681 3E~03
5.8401E-03
-2.0220E~02
~2.9017E-0C&
T. 2664E=06
1. 727TE=-D2

8. 5096E-02
1,0194E-02
1. 2452E-03
5. T4LTE-(3
1. 681 TE-03
5.85401E~03
~2.,0220E~02
~2,9019E-06
T.2645E-06
1, 7T27TE~D2

2.5094E~01
3.2990E~01
2.2082E-01
2.2590E=Q1
6,5634E-02
-2.0220E-02
2.0200E-01
1,1626E=05
~8.3701E=05
-4 .6562E-02

2+47T97E-01
3.30245E=-01
2.2104E-01
2+2596E~01
6.564TE=02
~2.02208-02
2.0201E-01
1. 162£E=05
=8,3698E-05
-4.b659E-02

-1.8022E-05
~5.4421E-05
~6.T8T0E-04
~4.6G46E-05
-3, 25E3E-05
~2.5C16E-06

1. 1609E-Q5

2.8883E~05
4 991 2E~04
~1.0301E=02

-1,7825E-05
-5.4439E-05
=4, 718T1E=04
~4.6548E-05
=-3.2514E-05
-2.9C16E=-06

1.1£09E=05

2.8883E-05
~4,991 2E-04
~1,0301E-02

1.4 14BE=04
8.1269E=C4
2.0455E=03
7.5099E-04
5.8293E-04
T22604E=04
-8.3369E~05
=4,99126-04
1.0942E«02
1.1665E=01

1.4038E~-04
B.1281E=04
Z.0456E=03
7.5101E-04
52829 3E~04
7.2602E=06
~8,3365E-05
-4.9912E-04
1.0942E~-02
1.18656-01

T.87306-02
1-1180E-01
9.3425E-01
T.9781E=02
3.1109E~02
L.7277E-02
=4 ya660E~0Z
~1.Q301E~-02
1.1665E=01
T.37T6TE+ID

T.7829€=02
1,1191E=-01
9.3432E-01
T.9800E-02
3,1113E=-02
1.7271E=-02
=4 .665TE-D2
~1.0301E-02
1.1665E-01
T.3T6TE+DO
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RICCATI

SOLUTION MATRIX

2461440401  2,247T1E+00 =2.7092E+400 1.5933E+00 1.56363E-01
3.24T1E¢20  3.,4174E+20 1.0361E490 1.9687E+00 4.B947E-D1
=2,7092E40C 1.0361E+00 3.091GE+00 1.0264E+00 4.9045E-01
1.5933E4#30 1.G68TE+00 1.0264F+00 1.3335E+00 3.57T21E-01
1a6368T%=11 4.894TE~01 4.3045E-01 3.5T721€-01 1.327SE=Ql
8.43148=03 1.02056=~02 1.2501€-03 6.7483E~03 1.5820E=03
2.45697=01 3,3055E~01 2.2118E~J1 2.2600E-01 b6.56534E«02
=1 76453=05 =5,4371E=05 «b6.TAT2E=04 =4.6866E=05 =3.2503E~D5
1+ 3851E~)4 B841104E~04 2,0458E-C3 T.493BE-24 5.827T3F-04
T-T116E-02 1.1200E~0]1 9.3436F=01 T.9803E-02 3.1114E-D2
KFy, THE TRANSIENT ESTIMATE GAIN MATRIX
2.5290E=02 1.6Q50E~12 1.02358E-031 6.1794E-03
4.07TE=02 2.3489E~02 1.3366E-01 2.3536E-02
2.52868=02 =8,5253E~02 6.1546E~02 3.15B9E-02
2.81845=22 1.5759E~02 9.0240E-02 1.7604E-02
8e 167TE-33  642869E~03 2.4823E-02 6.5202E-D3
1.4053E-04 3.,5443E~03 2.4146E-02 5.0704E=-05
4,861 86-73 -6,1099E~03 =-5.0594E~02 3.4246E~03
=1s7231E-086 1.3245E=~04 =1,1603E~05 -6,.9662E-06
2. 2206E=05 4,.8406F~02 1.5399~05 2.3015E-0%
1.84908=33 =7, 7T111E~01 7.4722E=02 9.7490E-03
TIME = 0.52000E+01
RICCATI SOLUTION MATRIX
2«7193E+0)1 3,0T61F+00 =2,7520E+00 1. 5829E+00 L.6303E-01
3.07H1ECDD 2,4403E+400 1.0451E+00 1.9703E+00 4.8965E-01
=2.75205+00 1,0451E+400 '3.0928E+00 1.02T0E+00 4.9046E-01
1.5829E4+90 1.9703E+ND 1.0269E+00 1.3337E+00 3.5T723E=01
1,6303E=01 4.B966E~01 4.9046E-01 3.5723E-01 1.3275E-01
Re3744E=N3 1.,0214E~02 1,2530E~03 6.7491E-03 1.6821E~03
2a4409E-01 3.3080E~01 2.21265=-01 2.2602E-01  6.5657E=02
=1 T5REE=DS =5, 438BE~05 =6, TAT2E=04 =4.4B6TE~05 =3.2503E~05
1,3779E=04 8,1114E~04 2.0458E-03 7.4939E~04 G.8273E-D&
T+6604E~02 1.1208E~01 9.3439E-01 7.98l1E-02 3.1115€-02
KEy THE TRANSIENT ESTIMATE GAIN MATRIX
2¢FL05E=02 1.5%944E~02 1,0289E~01 6.1823E-03
4. 10775=02 2.3505E~02 1.3377E-01 2.3541E~02
2.52956-02 ~B8.5248E~02 6.1581E=02 3.1587E=02
2.8B187E-02 1.6761E~02 9.0251E=C2 1.7605E~02
f.1680E-93 £.,2871F-03 2,4825E=02 6.5202E-193
1.40558=04 3.5443E~03 2.4146E~02 5.0797E~05
4. B623E~03 =G, 1096E~03 ~5,.0592E-02 3.424T7E-03
“1.22318=0€ 1.3246E=04 =1.1603E=05 —6.9662E-06
= 2206F=05 4.8406E=02 1.54006=-05 2,3016E-05
1, B49EE=03 =T7,7111E~01 7,47235=~02 9,7491E-03
TIME = 0.54000E+01
. RICCATI SOLUTION MATRIX
2.B1TSE+0] 2.9040E+00 ~2.T83SE+00 1.5T61E+00 1.6340E=-01

8. 4314E-03
1.0205E~02
1.2501E-03
6. T480E-03
1.6B20E=03
5.8402E~D3
-2.0220€-02
=-2.9018E-06
T.264TE-06
1.727TE=D2

8. 3744E-03
1.0213E-02
1. 253003
6. T489E-03
1.6821E~03
5. 8402E~03
-2.02208=-02
~2.9013E-06
T 264TE~D6
LaT27TE~0Q2

8.3368E-03

2.456%E=01
3,3056E~01
2.2118E-D1
2.2600E=01
6.5654E=02
~2.0220E-02 -
2.0202E=01
1. E25E=05
=8.3696E=05
=4 H65TE=D2

2.4409E-01
3.3081£-01
2.2126E=01
2.2603E-01
6.5658E=02
~2.0220E~02
2.02026-01
1.1625E-05
-8, 3E95E~05
~4.6656E=-07

2.43108=01

-1,7€71E=05
-5.4452E=-0%
-6.7872E=04
-4, 6946E=05
-3,2513€-05
-2.9C1 EE-06

1.16056-05

2.8883E-05
-4,9912E~04
~1.0201E-02

=1.7560E=05
= 5.4469E=05
=6, T8TZE=04
-4 ,6949E-05
=3, 251 4E-05
-2.%9016E=06

1.1£09E~05

2.8883E-05
=4.9912E=04
=1.0301E=-02

~1.7486E=05

1.392T7E~04%
B.,1280E=04
2.0456E-03
T.5094E-04
5.,8292E~04
7.2599E=-06
=B.3375E=05
=4 .9912E=04
1.0942E-02
1.1665E=01

1.3850E=04
8.1291E~04%
2.0457E~Q3
T«5096E-04
5.8292E-04
7.2599E=06
~8.3372E~05
=4.991 2E~-04%
1.0942E-02
1.1665E=-01

l.3796E~04

T.T115e=02
1.1201E=01
9.3437TE~D1
T.9814E~-02
3.1118E=02
1.72T7E=02
=4+ 6655E=02
=1.0301E-02
L+1665E~01
TaATGTE+QD

T+6603E~02
1,1208E-01
9.3439E~01
T.9823E~02
JJi117E~02
1. 727 7€~02
~4266033E~02
=1.0301E~02
l.1465E=~01
T.3T6TE+DO

Te6273E~02
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2. 9N40E+IC 3. 4560E+00 1.0526E+00 1,9715E+00 4.8969E-01
=2.1B3SE+20  1,0526E+00 3,0930E+00 1.0272E+Q20 4.9041E-01
1.57HLE+00 1,9715E+00 1.,02T28+400 1.3337£+00 3.5723£-01
1.6340E~01 4.0969E-01 4,9041E-01 3.5724E-01 1.3275E-21
P.3368F=03 1,0220E=02 1,2544E~03 6.:T7498E=-03 1,6821lE-03
2o 4310E=01 A,3099E=31 2.2129E-01 2.2604E-Q1 6.%458€-02
~1e 7462505 =5,5400E=05 ~6,T8T2E=04 =4.6B68BE~05 —~3,2503E=-05
1.37245=%4 8,1123E~04 2.0458E-03  7.4939E-04 5.8273E~04
T 827T6E=02 L1.3214F=-91 ©.3440F~0]1 T7.90815E-02 3.}115E=-02
KEy THE TRANMSIEMT ESTIMATE GAIN MATRIX
2. A9 HE=02 1.5876F=02 1.0246E-01 6.2348E-03
Ly 102 TE~N2  £.3517E~02 1.3385E=71 2.35%37E-02
2.5290E=02 —R.5246E~02 6.1696E~02 3,1583E~02
2. B18SE=~02 1,6761E=02 9.025TE=N2 1.T&695E=02
Ba16816~03 6,2BT0E=D3  2,4B255«02 &.5202E~03
1. 40%6E=04 3,5443E~03 2.,4146E-02 5.0707E-0S
4e BE25E=33 =S, 1096E~023 =-5,05916=02 3.4247E-D3
~1,3231E-2& 1.3245E-04 —1.16Q3E=06 ~6,9662E-06
2.2207E=35 4.B4D6E-02 1.%5400E-05 2.3QL&4E=-C5
1e B492E~(3 =T, TLL1E=D1 T.4T23E~C2 S, T491E-03
TIME = 0.56000E+01
RICCATI SOLUTIGN MATRIX
2.90916401 2,7328E+00 -2,.8053E+70 . 1.5T27€+00 1.64508-01
2o TIZBE+DO 3 ,4940E+420 1,0585E+400 1.9722E+00 4.8957E-01L
=2,80%324+00 1.0585E+00 3,0927E+030 1,0273E+00 4.9033E-01
L.ST27E+00 1.9722E+00 1.0272E+00 1.3338E+00 3.5723E-{}]
1.6459F=71 4,B958E~N1 4,5033E-01 3,5723E=01 1.3275€=-71
B.316RAE=23 1.0224E=~02 1.2547E-903 6.7499E~03 1.6821E-03
2. 4266F=01 3.3109E=01 2.2130E=-0Q1 2.26Q4E-01 &6.585T7E-D2
~1.T420E=05 =5,4409F=15 ~6,78T3E-04 —4,6B69E=05 =3.,2503E-05
1. 368 €F-04 BLL1129E=04 2.0458BE=02 1.4940E=04 S.8273E=04
T.61135-02 1.1218E=-01 9.3440F-0Q1 7.9817E-02 3.1115E=D2
KFey THE TRANSIENT ESTIMATE GAIN MATRIX
2489608-02 1.5B44E~02 1.,0225E=01 6.3271E-03
4,10382=32 2.3525E-02 1.3390F-01 2,3527E~-Q2
2.5298%=02 =8,5246E=02 6,1999E-02 3.1578E-02
2.B1R9E=02 1,6762E=02 9,0259E=-032 1.7604E~02
BR. 168 1E=N3 £,2R70E=93 2.4825€~02 6.5202E~03
1. 4056E~04  3,5443E~03 2,4146E-02 5.0706E=-05
4, B62HE=13 =9, 1095E=03 =5,0691F=02 3.4246E=-03
~1s32315=786 1u.3246E~04 ~1.1603E=-05 =6.96H62E-06
24 2207E-35 4,8406E-02 L,.5401E-05 2.3016E-05
1.8492E~03 =T, TIL1E=01 7.4723E-92 9,7490E~03
TIME = 0.53000E+01
RICCATI SCLUTION MATRIX
2.9928340]1 2.5640F+400 —-2.818TE+00 1.ST20E+30 1.0644E-01
2.5640E+N0  2,5239E+00 1.0630E400 1.9T25E+00 4.8933E-01
=~2.8Y18TE+0D0  1,0630E+00 3,0922F+00 1.0272E*00 4.9024E~01

1.0220E-02
1. 2544E~03
b4 T494E=-D3
1.6821E=03
5. 8402E~03
=2.0220E=-02
=-2.9018E=06
T« 264 TE~D6
1a727TE=D2

B43168E~03
1.0224E-02
L. 2547€=03
6. T496E=-03
1.6821E-03
5.8402E=03
-2.0220E-02
-2.9018E-06
T.264B8E=06
1.72TTE=D2

Be 3119€-03
1.02226E-02
1. 2544E-03

3.3C99E=-01
2.21306~01
2,2604E~01
6.,5658E-02
=2.0220E=-02
2.0203E=01
1.1629E=-05
=8.3693E=05
~4.6655E-07

2.4266E-01
3.3110E-01
2.213Q8=01
2.28Q6E=~Q1
6.5658E-02
=2.0219E-(2
2.0203E~01
l.1625E-05
=B8.3693E-05
-4, H655E-D2

2.4268E~01
3.2112E-01
2.2128E-01

=5.4482€6-05
=6, TAT3E~04%
-4+, €550E~05
=3,2514E-05
~2.501&E~3&

l.1605E-05

2.8883E~05
-4.9912E~-04
-1.0201E-02

-1a7441E~05
~5.4490F=05
-6.T7813E=04%
-4 .£850E~05
=2, 2514E=05
=2.90L6E=06

1. 1€09E=05

2.8883E=05
~4.9512E~04
-1.0301E=02

~1la742&6FE~Q5
=5.4495E=05
-6.7873E~0%

B.1298E=04
2.045TE=-03
7.5095E~04
5.8292E=04
7.2599E=06
=B.33T4E=05
~4.9912E-04%
1.0942E=02
1.1665E~D1

1.375TE=D4%
8.1306E~04
2.0457E=-0Q3
T5096E-04
5.8292E-04
7.2599E=06
=84 3373E~05
=4.9912E=0%
1.0942E=02
1.16656=01

1.3728E=04
8.1311E-04
2.045TE-C3

loi2l4E=01
9:3440E-01
T.9826E-02
3 11L7E=D2
1aT27TE=Q2
=4.,6653E=02
~1.0301E~02
1.1665E=-G1
T3TH6TE®D0

T.611QE~02
L.1218E-01
F43441E-01
T.9828E-02
3.1117E=-02
L.7277E=D2
wh,6653E=~02
=1.0301E~-02
L.1665E~01
T.3TETE+DO

T.6088E=J2
1.1219E-01
9.344QE~-01



3.5723€-01

1.57203430  1.9T25E490 1.,0272E¢30 1.333BE+JD
1. 6643F=71 4,8933E-01 4.9024E-01 3.5723E~01 1.3275E-01
8.3119E=03 1.0226E-02 1.2544E=-03 6.T499€-03 1.6821E-03
2.426R%-01  3.31126-01 2.21285-01 2.2604E-01 6.5655E-02
~1.74D6E=05 =5.4413F=J5 =6, 7THT3E=04 =4.6859E=05 =3,2503E=05
1.3663%~04 8,11346-14 2,D4S9E-03  7.4940E-04 5,B8273E-04
TLEN91E=12 L 1219B=01 9.3440F-01 7.98186-02 3,1115€-02
KE, THE TRANSIENT ESTIMATE GAIN MATRIX
2.89005~02 1.8838E-02 1.0223F~00 4.4499E~03
4,10398=32 2,3527E=-12 1.3391£-01 2.3599E-02
2.5296E-02 —B,5247E=02 6,1593€=02 3.1572E-02
Z.8189E-07 L.67T62E-02 9.0260E=02 1.7604E-02
€. 16A0T-73  £.2848E-03 2.4B25E-02 6.5202E~03
1. 40565=04  3,56438-93 2.4146E-02 5,0704E-05
4y F626E-23 =5, 1096E=03 =5,0591F-02 3.4 246E-D3
~1,32315=06 1.3245E=74 =1.1603E-05 =6.9662E=06
2.2207E-25 © 4.B406E-02 1, 5401E~05 2.3016E~05
1.84925=03 ~7.7T111E~01 T7.47236-02 9. 7490E-03
TIME = D.60000E+01
RICCATI SOLUTIOM MATRIX
2.07198401 2.3992E+400 ~2,8249E+00 1.573BE+00 1.6876E=01
2.39925+00 3.5554E+00 1.0660E+00 1.9724E+00 &.8896E-01
~2,8249540C 1.06A0E+00 3.09126400 1.0271E+400 4.9017E=01
1.6TIBE4D0  [,97Z4E¢00 1.0271F+00 1.3338£400 3.5722E-01
1.68T65=01 4.8896E=01 4.9016F=01 3.5723F-01 1.3276E-01
B,31975-33 1.0226E=02 1, 2538E=03 6. 7499E=D3 1.6821E=)3
2.47208E-D1 3.31086=-01 2.2126E—~0l 2.2604E=-01 6.5656E-02
-1, T4L5F-05 =5,4413E-05 —6. TAT2E~04 ~4.6B69E-05 -3.2503E-05
1.36528-04 B.1137E-04 2,0458E-03 7.4940E-04 5.32736-0%
7.61875=92  [.1218E=01 9.3439E-01 7.981BE-02 3.1115E-02
KE, THE TRANSIENT ESTIMATE GAIN MATRIX
2,9048E=32  1.585BE-02 1.0237€-01 6.5955E~03
4,10315-02 2.3526F-02 1.3390E-01 2.3485E-02
2,5292E-02 =8.52478=02 6.1584E~02 3,1568E-02
2.81897=02 1.6762E-02 9.0260E-02 Ll.7604E-02
A, 1680F=03 &.28T0E-03 2.4B24E-02 6.5204E-03
1. 4056F=04 3,5443E-03 2,4l486=02 5.0703E-0%
4. B6265-73 =9,1094E-03 -5,0591E-02 3.4246E-03
-1.3231E~0€ 1.3246E=-04 =1.1603E=05 ~6,9662E-06
2,22076=05 4.8476E-02 1.54D0E-05 2.3015E-(5
1.R4922-07 ~7,TL11E-01 T.4723E-02 S.7490E-03
TIME = {(.42000E+01
RICCATI SULUTIDN MATRIX
3,1433¢01  2,2305E400 -2.82526400 1.5775E+30 1.7143E-91
2,23955400 3,5879F+00 1.0676E+00 1.9T18E+00 4.B848E-01
= ~2.82525¢00 1.NBTTE+DD  3,0904E+00 1.0269E+00 4,9010E-01
3 1.5775540C 1.9T1AE+00 1.0269E#00 1,3338E+00 3,5723E-01
1.71435=01 4.8B48E=01 4.90L0E-01 3.5723E-01 1.3276&-01

6. T496E-D3
1.6821E=-03
5.8402E-03
-2.0220E~D2
«2.9018E=-D6
T«264TE=-06
L. 7277E-02

B, 3197E=-03
1.0226E=-02
1, 2538E=03
6. T4ILE~D3
1.56820E-03
5.B8402E=03
*2.Q220E-G2
~2.9019E~36
Te 2647TE=06
1. T27TE-D2

B.3379E-02
1.0223E~02
1.2531g~03
6. T4RTE-03
l. 6821E~D3

2.2605E~01
5.565TE~02
=2.0215E~02
2.0203E-01
1.1625E=05
=8.3693E~05
=4 68655E~02

2.430BE~01
3.3108E-01
2o2128E=01
2. 2605801
6.9865TE~D2
~2.0219E-02
2.0203E~-01
1.1625E=05
=-B.3693E=-05
~4.6855E~02

Z.4380E-01
3.3097E-01
2.2124E~0])
2.260%E~01
6.5658E-07

-4 ,6950E~05
=3, 251 4E=05
=2.9C1EE-06

1. 1609E=-05

2.8883E=05
-4 ,9912E=04
=1.0301E~-02

=1, T436E=05
=5,44G5E=Q5
6, 18T3E=04
~4,6550E~05
=3.2513E-05
=2.9016E=-06

1.1609E~05

2.8883E-05
-4,9912E~04%
«1.0301E=Q2

=-1,7465E=-05
=5, 4493E=-05
+~6.78T3E-04
~4,6951E-05
—=3.2214E=95

T.5C96E-04
5.8292E~-04
T.2600E-D6
-8,3373E~-05
=4.99126-04
1.0942E=02
1.1665E=-01

1.3719E-Q4
A.1314E=-04
2.045TE=-03
T.5096E=04
5.8292E-04
T.2599€ =06
=8.3373E-C5
=4.991 2E~04
-1.0942E=02
l.1665E-01

1.371BE=04
8,1318E=04
2.045TE=03
T+5098E-04
5.8292E=-04

T«9828E~02
341116E=02
LuT2TTE=D2
-4.6653E~02
=1.0301E-02
1.1665E~01
T.3767E+00

T.6184E=-02
1.1219E=-01
9.3440E~01
7.9830E~02
3.1117E~02
L.72T7E~02
~“4«6652E~02
-1.030}1E=D2
1.1665E=91
T.376TE+00

T.637T6E=02
1.1216E-01
943439E~01
T.9829E-02
3.1116E=02
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8,3379E=03 1.0223E-02 1.2531E-03 6.7499E-03 1.6321E-02
2.43806-01 3,3007E~01 2.21236-01 2.2604E=01 6.565TE=02
1. T44 4E~N5 =5,4409F=35 =6, TBTZE=04 -4, bAGIE-DS =3.2503E~05
1,36538=04 B.L13TE=04 2.04586-03 7.4940E~04 5.8273E-04
7.6379E=02 1,1215E-01 ©9.3438E-91 7.9618£-92 3.11L5E-02
KE, THE TRANSIENT ESTIMATE GAIN MATRIX
2,91555-02 1,5896E=-02 1.0264E~01 6,T567E~03
4,1013E=02 2.35206-N2 1.3386E-01 2.3456E-02
2,5209E-02 =8,5249E=-02 6,1575E-02 3.1564E=02
2,8190F=02 1.6T62E-02 9.0260E=02 1. 7604E-02
8,1682E-03  &,2369E-03 2.4825E-02 6.5207E-03
1.40568=-04 3,5443E-03 2.4146E-02 5.0704F=05
4.B62TE=93 =9, 1095E-03 =5,0591F-02 3.4247TE=03
-1.3231F=06 1.3246E=04 =1.1603E=05 -6.9662E~06
2.22076-05  4.8406E~D2 1,5401E-05 2.3015E-05
1.8492F=03 =7, 7111E~01 7.47238=02 G, 7490E=03
TIME = 0,54000E+01
RICCATI SOLUTION MATRIX
3, 20845401 2.0859E+30 =2,82056+00 1.5028€+00 1.7432E-01
2.08593400 3.6213E400 L.N6BLE+00 1.9709E+D0  4,8792E~01
~2,A2355+00 1.0681E+00 3.0896E+00 1.0268E+00 4.9006E-91
1.5828E490 1.9TO9E+00 1.0268E+00 1.333BE+00 3.5724E-01
1.74325=01 4.8792E=91 4.9006E~-01 3.5724E=01 1.3277E-01
B.36435-03 1,02186-02 1.25256-03 6.7500E~03 1.6821E-03
2.4677E-01 3.3079E-01 2.2121E-01 2.2605E-01 6.565%7€-02
=1, 748 BE=05 =5.4401E=05 ~6.T78726~04 —4s6869E=05 =3.2503E-05
1.36635-04 8.1136E-04 2. 04586-03 T.4940E-04 5.8273E-04
7.6647E~02 1.1210E=01 9.3438E-01 T7,9819F=02 3.1115E-02
KE, THE TRANSIENT ESTIMATE GAIN MATRT X
2.92916-02 1.5953E~02 1.0301E~01 6.9279E~03
4.CORBE=D2 2.3510E~02 1.3379E~01 2.3422E-02
2.520&5=02 =8.5251E~02 6.1567E~02 3.1562E-02
2.8190E-02 1,67626~02 9.0261E=02 L.T605E~02
B.1685F=03 6.2870E-03 2.4826E-02 6.5212E~03
1.4056E-04 2.5443E-03 2.4146E~02 5.0708E-05
4.862BE=03 =5.1095E-~01 =5,05916-02 3.4248E-03
—1.3231E-06 1.3246E~04 =1.15603E-05 ~b.9662E~06
2.22076~-05 4.8606E=02 1.54D1E=D5 2,3015£-0%5
1,84936-03 =T1.7111§=01 7,4723E-02 S, T491E~03
TIME = 0.66000E+01
RICCATI SOLUTION MATRIX
3.26725+01 1.9393E430 =2.81196+00 1.5892E+00 1.7735E-01
1. 93926400 3.6550E400 1.D6T4E+00 1.9696E+00 4.8728E-01
—Z-HXIQE;UO T.NETHE+NE  23.08908+00 1.026TE+DQ  4.7004E-01
1.59925 400 1.9696E+400 1.0267E+00 1.3339E+00  3.5726E-01
1.TT35E~Mm]1 4.BT72BE=D1 4&4.9004E=01 3,5726E=01 1.32TBE-Q1
B.39635-03 1.0212E-72 1.2521F-03 6.7502E=03 1.6822€-03
2.45916-01 3.3056E=01 -7,2120F=01 2.2605E=01 6.5663E-02

5,.8402E«03 =2,0219E-02 =2.9CL6E~Q8
-2,0220E=-02 2.0203E-01 1.1609E~Q0%5
=2.9018E=-06 1,1€256-0% 2.8B83E-05
T.2647€E=06 =0,3693E~05 =4.9912E-04%
1. 72TTE~Q2 =54.6655E=02 =1.0301E~D2
B8.3643E=03 2.44T7TE~01l -Ll.7506E-05
1.0218E=02 3.3079E~01 =5.4484E-05
1. 2525E~03 2.2122E~0]1 -6.7BT72E~04
6.749TE~03 2.2605E~01 =4.6950E=05
1. 6821E~03 6.55660E=02 =3.2514E~05
5. 8402E~03 =2.0219E~02 ~2.9016E~056
-2,0220E=02 2.,0203E+01 1.1&09E=05
-2.9018E~06 1.1625E~-05 2.8883E-05
7.264BE~06 ~8.3693F-05 -4.9512E~04%
1.7277E~02 =4.6655E~02 ~1.0201E~02
8.3969E=03 2.4591E=01 ~1.7562E=-05
L.0Z212E=02 3.3056E~01 =5.44713E-05
1. 2521E=03 2,2120€=-01 ~¢.TE72E-04
6o T4IIE=03 2.2606E-0) ~4.£G51E~05
1. 6822€~03 6.,5664E=-02 ~-3.2514E~05
5. A402E=03 =2,0219E=-02 -2.9CLEE=06
-2.872198=07 ?2.0203F-01

T.2600E=06
~B8.3369E-0Q5
-4,991 2E~04%

1,09428~02

1.16465E=01

1.3725E-0%
B21315€=04%
2.0457E~03
T.5096E~D4
5.8292E-04
7.2800E=06
-8.33726~05
=4.9912E~04
1.09426=-02
1.1665E~01

1.3740E~-Q04
8.1313E=04
2.0457E=03
T.5097E=04%
5.82926-04
T+2599E=06

1.727TTE=-02
-4, 6653E-02
=-1,Q0301E-02
1.1665E=01
7.376TE+QD

T.6644E=02
1.1211E=-01
9.3438E~01
7.9830E-02
3.1117E~02
1.727TTE=-02
=4 266526~02
~1,0331E-02
1.1665E=01
T.3T6TE+QD

T.696TE~-Q2
1.1204E=01
9.3438BE-01
T-9832E~02
3.1LLBE=02
1.7277E-02

1.16G9E=05 =B.33TIE=Q5 =4.56652E~02
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~1,7544E=05 ~5.4390€=35 =6,TAT2E-04 —4,68696=-05 =3,2504E~05 =2, 9018E=06

1.1625E-05

2.8883E-05 =4,9912E=-04 ~1,0301E=02

1.3680E=04 B,.1133F=34& 2.0458E-03 T,4940E=04 5.8273E~04 7.2647E=06 =B.3693E=05 =4,99126-04 1.09420=02 1.1665E-01
T.69712=02  1.1204F-01 9,3437E-01 T.9821E=02 3.1116E=02. 1.7277E~02 «4.6654E=07 —1.023C1E~02 1.1665E=01 7.3T767E+QQ
KEsy THE TRANSIENT ESTIMATE GAIN MATRIX
2.9449F=02 1.60L8E-02 1.0346E-0L 7.1039E-03
4409583 ~02  2,349T7E=02 1.3370E~01 2.3384E=02
2.9285%5=92 =A.52516~02 &.1562E=02 3,1561E=02
2.8191%=02 1.6T63E~02 9.0264E=02 1.7606E~02
8,16900-03  6.28T3E-D3  2.482T7E-02 6,5219E-03
la4057E=04  3,5443E=33 2.4146E=02 5,.0714E=05
4, B6295-03 =6,1094E-03 =5.0590F=-02 3,4250E-03
=1.3231E=0¢ 1.3246E-04 =1.1603E~05 =6.9662E-06
2. 2207TE=15 4 ,R406E~02 1.5401E-05 2,3015E=05
LeB493E=03 ~7,.7T111E=01 T.4723F=02 S,7491E-D3
TIME = 0.68000E+0]
RICCATI SOLUTION MATRIX
3.32015+D1 1.8001E+00 -2.B009E+00 1.5965E+30 1.B042E~01 B8.4339E=03 2.4718E=01 «~1,7626E-05 1.3763E=04 7.T330E~02
L. AODIE®ID  3.6RJ0E+DD  1.065TE+00 L 96B0E+D0 4,8659E~01 1.D204E~02 3,.3029E=01 —-5.4459E-05 B8.1309E-04 1.1196E-D1
~Z2.AN00E+00  1.06STE+400 2.0885E+00 1.0267E+00 4.9005E~01 1.2520E-03 2.2120E-01 -6.7872E-04 2.0457E=03 F.3438E~01
L.99655+30  1.9680E+400 1.026TE+00 1.3339E+00 3,.5T29E~01 6,7502E=03 2,2607E=01 —4,6551E=05 T.5097E~04 7.98356=02
L.RO&2E~01  4,8659E=91 4.9005E-01 3.5729E~01 1.3279E~01 1.6B24FE=03 6.5669E=0Z «3,2514E=05 5.8292E~04 3.1120E=-02
B.4330E-03  1.0204€=02 1.2520E-023 6.75056-03 1.6824E~03 5.0402E=03 =2.0219E~02 -2,9CL4E=06 T.2598E-06 1.7277E=D2
24718531 3,23028E~01 2,2120E-01 2.2606E=31  6.5668E~02 -2.02196~02 2.0203E-01 1,1603E=05 ~8.33T0E~05 ~4.6851E-02
—1.760BE=05 =5,4377E-05 ~6,TBT2E~04 ~4.68T0E=05 =3,2504E~06 —2,9018E=06 1.1625E=05 2,.88R83E~05 ~4.9912E-04% =1.0301E-02
1.3703E-04 8,11288-04 2.0458E~93 7,4940E-04 5.8273E~04 Tu264TE=D6 =Be3692E=05 =4,9912E=~064 1.0942E~02 1.1665E~01
TeT335E=02 1.1136E~T1 9.34376=01 7.9824E~02 3,1118E=02 1.7277E=02 =4.6654E-07 ~1.0301E~02 l.l6656=01 TATSTEFOD
KEy THE TRANSTEMT ESTIMATE GAIN MATR] X
2,9621E=02 1.6093E~032 1.0396E-01 7,2B09E-03
4.C918E=02 2,3481E~D2 1.3359E=01 2.3344E~(2
2,52R5E-02 =A.5250E-02 6.1561F=-02 3,15628=-02
2.81926=02 1.6763E~02 9.0268E=-02 1.7608E=02
B.1697E=03  6.2B8TTE~D3 2.4829E=-02 6.5226E=-03
La4I58E~04  2,.5443E=-03 2,41465-02 5,.0722E-35
4.86325-03 =5, 1092E=03 =5,0589E~02 3.4253E-03
=1.3232E=06 1.3246E=04 ~1.1603E=05 «6,9662E=06
2,2207=-05 4.B406E~02 1.5401E=95 2,30L6E-05
1. 8494E=233 =T TIL1E=01 7,4T24E=32 S.T492E-D3
TIME = 0.T0000E+D1
RICCATI SOLUTION MATRIX
3436735431 1.6691E400 ~2.785TE+400 1.6043E+00 1.08348F~01 B.4737E-D3 2.4852E=01 =1.7695E=05 1.3784E=04 T.7719E~02
1.6690830  3.7228E+00 1.0631F+00 1,9662E+400 4.8585E-01 1.0194E~02 3.2997E~-01 ~5,4443F~05 B8.13015=04 1.,1187E=01
=2, 76576410  1.063LE+00 3.0B82E+00 1.026BE+30 4.9008E-01 1.2523E-03 2.2121E-01 -6,7872E=064 2.0457=03 9.343BE-01
1e6743E+00  1.9662E400 1.0268F400 1,3340E+00 3,.5732E=-D1 6.7506E=03 2.2608E-01 =4, E851E=05 T.S5096E=-04 T.9839Z-02
1. 8348F-21 4.8585E~)1 4.9038E-01 3.5733E-01 1.3281E=01 1.6825E-03 6.5675E=02 =3.25)4E~05 5,8292E-04 3.1121E=02
Bs4T737E=73  1.0195€~32 1.2523E-03 6.7509E~03 1.6826E=~03 5,84026=03 =2,0219E=02 =2.9016F=-06 7.25908E-06 1.72T7E=02
2a4B52E-01  3w299TE=31 2.2121F=0) 2.26085-J1 6.5674E-02 =2.02198=02 2.0203E-01 1,1608E=05 ~8.3372E=05 =4.6651E=02
=1.7678E=05 ~C.4360E~)5 =6,TAT2F=-04 =4.568TLE~J5 =3,2504E=05 =2, 9018E=06 1.16256=25 2.88B3E=05 =4.99]2E~04 =1.0301E=-02
1a3729¢=74 R.L122E=04 2,045R8E=03 T,4940FE=04 5,8273E~04 7.2648E~06 =B.3691E=05 —4.5912E=04 1.0942E=02 1.1665E-21
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T.77238-02

KE,
2.58028-02
4.08715E=-02
2. 5286E=12
2+81948=02
A, LTI EC-03
1 4059E=04
4, B63588-03

=-1.3232E-06
2,2207E-0%5
1. 8495£-03

3.40928401
1.54632+00
=2,.T62 6400
1.6123C+00
1.86475-01
8,5150E=33
2. 49908=01
=1.7751:=05
1.3758E~-24
T.81253-22

1.1187E~01

1.61T2E~D2
2:3462E~02
-8.52508=02
1.6T64E=-02
6. 28A0E-03
3.5443E~03
-G, 1091E~-03
1.3246E-04
4oB4OBE=D32
=7.7T111E=01

1.5464E #D0
2.T563E 00
1.0597E+00
1.9641E+00
4,.857BE=01
1.0184E=02
3.2962E-01
-5, 0342E~05
8.1115F=04
1.1177E=91

9.3438E~01

1.0450E=-01
1.3346E=01
6. 15656~02
9.02T4-02
2-4831E=02
2.4146E-02
-5,0588F=02
=1.1603E=05
1.5401E-05
T.4T24E~02

RICCATI
=2.T696E+00
1.0597E+00
3.0QBBAIE+D0
1.0269E+00
4,901 4E-01
1.2529E-03
2.2123E=-01
-6 TBT2E=04
2.0458E=-03
9.3430E~01

THE TRANSTENT ESTIMATE GAIN MATRIX

KEy THE TRANSTENT ESTIMATE GAIN MATRIX

2. I BE~O2
4.0R29E=-02
2. 5289E~22
2.8197E=02
8. 17T156-03
1. 43608~04
4o A6GOE=D3
=-1.2232E=06
2. 2207E~35
l. 8496E-03

3.496 1E+)L
1.4222E400
-2, 1523E+0Q
1.6235E+00
1.8935E~21
E. 556 8E-03
2:5129E=01
=1, 7825E=05
1. 3789504
T R529F=32

1.6255E=12

2:3440E=02
~2,5250E=02
1.6755E=02
6.2883F=03
2.5443E=-n3
-5 1090F=03
1.3245E=04
4 »B40GE=D 2
=T 7111F=01

1.4322E+00
3.782E+00
1.0856E+00
1.9620E +00
4.B8430E~01
L.0173E=02
3.2925E~01
=5.4322E-05
A.1L0T7E-04
lell66F~D1

1.05056~01
1.3333£-01
60 15T3F=02
9.0281F~-02
2.4834E-02
2.4146E-02
—5.0587E=02
-1.1603€~05
L. 540 1E-05
To4T24E~02

RICCATI
=2.T523E+00
L.D556t:+00
3.0882C+Q0
1.0271E+00Q
%,9022F=11
1.2539E-03
2:2127E=11
-5.T8T2E~D4
2,04596=03
9,3439E-01

T.9828E-32 3.1120E-02

To4557E=-03

20,3301£=~02

3.1564E=-02

1. 76108-02

6.52356-03

5. 0T33E-U5

3.%257E~03
=6, F662E-06

2,301 6E=25

9. T493E-03

TIME = 0.72000E+01
SOLUTION MATRIX

1.6123E+00 1.8647E=01

1. 9641E+00 4.8508E-01

1.026%E41C 4.90L4E~01

1-3341E+00 3.5736E=01

3.5737E-91 1.3282E-01

5. T515E=-03 1.6B29E-D3

2.26105=01 6.56BLE~02
-4, 6B87TLE~05 =3,2505E~D5

T-4941E«04 5.8273E-04

7.9833E=-32 3.1122E=02

Te6256E=03

2.3258E~C2

3.1567E-02

1.7613E=-02

60.5244€~03

5.0745F=05

3.4261E=923
=6.3662E-06

2.301 6E=05

%o T494E=03

TI&E =  0.74000E401
SOLUTION MATRIX

1.6205E+00 1,8935£-01

1.9620E+J0 4.8430E-01

1l.027LE#00 4.9022E-21

1.3362E400 3,5741E=01

3.5742E=01 1-3284E-01

6,7521E-03 1.6B830E-03

2.26L2E=-01 6.569ME-D2
=ty 6ATIE=05 ~3.2505E=05

T:4941E-0% S5.8274E-04

T.9840E-92 3.1124E=)2

1. 7277€=02 ~4.6653E-07 ~1.0301E-02

8.5150E=03
1.0184E~02
1.2529E-03
6.7512E~03
1. 6827E-03
5. 8402E-03
=-2.0219€~02
~2,9018E=0D6
7. 2648E=06
1.727TE~02

B, 5568E-03
1. 0173E=02
1.2539€E-C3
6. TS19E=03
1. 6830E~0D3
5.B402E~03
-2.0219E=-02
-2.901BE~06
7. 2648E=06
1.72T7E-02

2.4990E=01
3.2962E-01
2.2124E=01
2.2610E-01
&.5682E=02
=2,0219E-02
2.02048=01
1.1624E-D5
-8.3691E~-05
=4, 6652E=02

2.5129E=01
3,29258-01
2.2127E-01
2:26128-01
6,5690E=02
=2.0219E=02
2.0204E-01
1. 1 624E=05
~-8.3690E-25
=4 6651E=0¢

«1.7T66E=05
=5.4426E~05
~6.TE73E=04
=4.6953E-05
=3,2515E~05
=2.9CL6E-06

1.,1608E-05

2. 8883E-05
=4,.,S912E=0%
=1.0201E=-02

=1,7842E=05
=5,4405E=-05
-6,T8T12E=04
-4 ,E6553E=05
-3,2515E=05
=2.5017E~C6

1. 1608E=-05

2.8883E=05
=4,9912E=04%
~1l.02GlE=02

1.1665E-01

L.3813E=-04
B8.12986E-04%
2.0457E=C3
7.5098E-04
S5«B292E=04
T.2598E=-06
=8.3369E=-05
-4.,9912E=04
1.09426=-02
1.1665E=01

1.3841E-04
8.1287E=-04
2.0457E=-03
T.5097E=04
5.8292E~-04
1.2598E-Qé&
=8,3369E-05
=4,9912E=04
1.0942E=02
l-1665E-01

T.ATSTESDD

T«8120E-02
1.1177€E=-01
9.3439E-01
T.9844E=02
3.1123E=02
1.71271E-02
~4.6650E=02
=-1.0301E~02
l.1665E~01
T:3THTIEDO

T.8525€~02
l.1166E=01
9.344C£-01
1.9850E-02
3.1i26E=02
1.7277E-02
-4 s 664FE=D2
=1, 0301E=-02
1.16675=01
Ta3767.+¢30
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THE TRANSIENT ESTIMATE GAIN MATRIX

8.5981E~03
1.0161E=-D2
1.2553E-03
6. 7526E-03
1. 6833E-03
S5« 8402E-03

6.5699E=02 =2, 0219E-02

T« 2648E=06
1. T278E-02

84 6383E-03
1.0149€E-02
1. 2569€-03
6.7535E-03
1.6836E-03
5.8402E-03

6.5TI8E-D2 -2.0219E~02
=3,2506E=-05 =2.9013E~06

T.264BE=-D6

3.C17CE=02 1.6337E=-02 1.0561E~01 7.7887TE-03
4,07TT9E=02 2.3419E=02 1.3318£~-01 2.3213E~02
2e5294E-02 =A,5247TE~D2 6.1587€-02 3,1572E-Q2
2.82D0E~02 1.6T66E~02 9.02906-02 1.7615E-02
8. 1726E-03 6.2889E-03 2.4B38E-02 6.5255E=-43
1.4061E~04 2.5443E=03 2,41466-02 5.0T60E-05
4. PE4SF=03 =9,1087E-032 =5,0586E~02 3.4266E-03
=1+22326~06 143245E=0% =1.1603E=05 =6.9663E=06
Zw22075=025 4.3406E-02 1.5402E-05 2.3016E=05
1. 849BE=03 =7.T111E~01 7.47256-02 9.7496E-03
TIME = 0Q.76000E+01
RICCATI SOLUTION MATRIX
IL,4T83E401  1.3268E+00 =2.7342E+00 1.62856+30 1.9210E-01
1.3268E+20 3.R213E+00 1.0510E+400 1.9597E+00 %.3350E-01
-2.7342E+400 1.0510E+00 3.0806E+00 1.0274E+00 4.9032E-01
1. 62856400  1.9597E+00 1.0274E+00 1.3344E+00 3.5747E-01
1.9210f=01 4.8350E=01 4.9032E-01 3.574TE-01L 1.3286E-01
B, 596826=93 1l.0l61F-02 1,2552€=03 6.7529€~03 1.6833E-03
2.5265E-N1 3.2886E-01 2,2131E~C1l 2.2615E-01
=1.T8908E=0% =5.4302E-05 =6, T873E=04 =4.68T4E~05 -3.2506E~05 —Z.9018E=06
1. 3820%=04 B.1098E~-04 2.0459E=03 T.4942E-04 S5.827T4E-04
T7.892085=02 1,11556=01 9,3441E~01 7.984TE-02 3.1127E-02
KEy THE TRANSIENT ESTIMATE GAIN MATRIX
3,0350E=-02 1.6420E-02 1.06156-01 7.9436E-03
4,0728E=02 2,3396E=-02 1.,33C2E-0I 2.31&6BE-02
2.5300E-02 =-B.5244E~02 6.16056=-02 3.1578E=02
2.82036=12 L.6T668FE=02 9.0300E-0Z 1.7618E-02
f.1738E=03 6.2895E-03 2.4841E-02 6.5265E=03
1. 406 3E=04 3.5443E~03 2.4146E-02 5.07T75E~QS
44,FE50E=03 =9,1084E~03 ~5,0584E-02 3.4271E-03
-143233E=06 1.3245F-04% —1.1603E-05 ~6.9663E-06
2.2207E~0% 4.8406E-02 1,5402E-05 2.,3016E~05
1.8499E=03 =7.T111E=01 7.4725E-02 9.7497E-03
TIME = 0.73000E+01
RICCATI SOLUTION MATRIX
3.5063E40] 1.2301E+00 =2,T158E+00 1.6364E+00 1.9469E-01
1.2301E+00 3.8524E+00 1.045BE+00 1.9573E+00 4.82T1E-D!1
=2.7158E+00 1.0459F+00 3,0891E+00 1.0277E+00 4.9043E-01
1.6364E+00 1.9573E+00 1.0277E+00 1.3346E+00 3.5752E-01
1.9469E=01 4.8271E~01l 4.9042E=01 3.5753E-31 1,3288E-01
€,63835=03 1,0149E=-02 1.2569E-03 6.7538E-03 1.56836E-03
2.5396E-01 3.2846E-01 2,2137E~01 2.2617E-01
=1.T9T0E~NS =5.42B0€~05 =6, T8T3E~04 =4.68TS5E-05
1.3851F=04 B8.,i089F-04 2,0459E-03 T.4942E=-04 5.8274E~D4
T7.931%=02 1.1143E-01 9.3442E~01 7.98556-02 3.1130E-D2

KEy

THE TRANSIENT

ESTIMATE EAIN MATRIX

2.5265E=01
3.2886E=01
2.2131E=-01
Z.26156=-01
6.5699E~02
=-2.0219E~02
2.0204E-Q1
1.1624E=05
=8.3689E-05
4 6650E=02

2.8397E-D1
3.2847E=D1
2.2137E+01
2.2618E-01
6.5709E=02
=2.0219€~02
2.0205€6-01
1.1624E=05
-8.3688E-05

=1.7S15E-05
=5.4386E~05
=5.T873E-04%
=4 ,6956E~05
=-3.2516E=-05
=-2.9017E-06

1.14608E=-05

2.8883E~05
—4.9912E=04%
-1.0301€-02

=1.7988E-05
«5,4365E-05
~56.7873£-04
=44 695BE=-DS
~3.2516E=056
=2.9017E-Q 6

1. 1€0TE=05

2.8883E-05
=4.9912E~04

1, 7278E=02 =4.6648E=02 =1.0301FE-02

1.3877E=-04
B.1282E-04
2.0457E-03
1.5100E=04
5.8293E-04
T.2600E=06
~8.3365E=-05
~4s9912E=04
1.0942E~02
1.1665E-01

1.3910E-04
8.12T1E-D4
2.0457E-03
7.5099E-04
5.8293E-04
T.2599E=-08
=8.336TE~Q5
~4+9912E~D4
1.0942€~02
l.1665E-01

T.8922E=02
1.1155E=01
9.3441E=01
7.9858E=02
3.1128E~02
1.7277E=02

-t B64TE=02

=1.0301E~02
L.1665E=-01
7.3767E400

T.9307E~02
1.1143E-01
9.3443E-01
7.9867E=02
3,1131E-02
1.72T78E-02
~4.6646E-02
«1.0301E~02
l«1665E~01
T3767E+DQ
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3,0524E=02 1.6499E-(2 1.066B8E-01 8.0892E-03
4.06TSE=02 2.33T1E-02 1.3286F=-01 2.3123E-02
2.5307E=D2 -8,5242E=02 6.16276~02 3,1584E-02
2.8207E=02 1.6T69€=02 9.0312E-02 1.7622E-02
£,17516=03 6,2899E=03 2.4845E-02 6.5277E=-03
L. 40RSE=04 2.5443E=03 2.4146E-02 5,0792E~05
4, 8657E-03 =9,1082€~03 ~5,0582E-02 3.4276E-03
«1,3233E=06 1.3246E-04 -1,1603E-05 -6, 9663E-06
2.22076-05 4.8406E-02 1.5402E-05 2.3016E-05
1.85015-03 =2.7T1L1E=01 T7,.4726E=02 S. T499E~03
TIME = D.80000E+01
RICCATI SOLUTION MATRIX
3,5303E401 1.1419E400 -2.69T73E+00 1.6439E+00 1.9710E~01
1.1419E+00 3.8824F+00 1.0403F+00 1.9549E+400 4.8192E-01
—2.69T36+00 L.0404E+00 3.089%+00 1.02B1E+DC 4.905TE-01
1.6439E420 1.9549E400 1.0281E+00 1.3347E+00 3.5758E~01
1.97TL0E=01 4,B8192E=01 4,9056E=01 3.5759E-0l 1.3290E~01
F.O6T6BE~D3 1,013TE~N2 1.2589E=03 6.7547€-03 1.6839E~03
2.55226-01 3,2806E-01 2.2143E-01 2.2620E-01 6.57T19E-02
“]1 ROIBT=DS ~5,42686~05 =64 FATIE=04 ~4.6BT7E-05 =3,250TE~05
l.38B1E-04 A,1080F~04 2.0459E-03 T.4943E-04 5,.82T4E-04
7. 0685E-02 1.1131E~01 9.3444F-01 T.9864E-02 3.1133E-02
KEs THE TRANSIENT ESTIMATE GAIN MATRIX
3.0689E=02 1.6575F~02 1,0719E-01 E.2248E-03
4,06226=-02 2.3347E~N12 1.32TDE~01 2.3078E~02
2.53L6F=02 ~8,523TE-02 6.1653E-02 3.1592E-02
Z,R2Z11E=02 1.6TTLE=DZ 9.0324E-02 1.T7625E-02
8, 1764E~03  6,290TE~03 2.4849E-02 6.5288E-03
1.406 TE=04 3.5443E~03 2.4146E-02 5.0809E~05
4,R664E=-D3 =5,1079E-03 -5,0580E-02 3.4282E-03
=1.3233E-06 1,3245E~04 =1.1603E-05 ~6,9663€C~-06
2.22075-05 4,8408E~02 1.,5403E-05 2.30l4E-05
1.8503E=03 =7.7111E~01 7T.4726E-02 G.T501€~03
TIME = O0.,820D00E+01
RICCATE SOLUTION MATRIX
1.560TE4+0]  1,0621E+0D0 =2.6792E+00 1.6509E+00 1.9934E-01
1.0621E+400 3.9112E+00 1.0346E+00 1.9525E+00 4.8115E-01
~2.6T92E400 1.03456E+00 3.0908E+00 1.0285E+00 4.90T1E-01
1.6509E 400  1.9525E+00 1.0285E+00 1.3349E+00 3,5765E~01
1.9934E~01 4,8115E-01 4.9071E~-01 3.5765E-01" 1.3292E-01
8.7132E-03 1.0125F~02 1.2611F-03 &.7557E~03 1.6842E-03
7.5641E-01 3.2T66E=D1 2.2151E=01 2.2624E-01 6.5729E-02
~1.R1035-05 =5,4236E-05 =6, TBT4E=0% =4.6BT9E-Q5 ~3.250TE-05
1. 1910E-04 B8.10TOE-D&4 2.0459E~03 T.4944E~-04 5.82T4E-04
4. 0034E~02 1 1119E=01 9.34446E~D1 7T.9874E-02 3.1136E-02
KEy THE TRANSIENT ESTIMATE GAIN MATRIX

3.0844E-02
44.0565E=02

1.664BE=-02
2.3323E-02

1.076TFE~0L
1.3254E=01

8. 3500E~03
2.3035E-02

8.6T58E~03
1.0137€-02
1. 2589E-03
6. 1544E~03
1. 6839E=03
5.8402E=03
~2.0219E=02
-2.901BE=06
T« 2650E-06
1.7278E~02

8.T1326-03
1.0124E-02
1. 2611LE-03
6.7554E-03
1.6842€-03
5. B8402E=03
~2.0219E-02
=-2. 901BE-06
T.2650E-06
1.7278E~-02

2.5522€-01
3.2808E~01
2.2144E-01
2.2621E-01
6.5T19E=02
«2.0219E-02
2.0205E-01
1.1624E=05
-8.36BTE-05
-4 664 TE=DZ

2.5641E-01
3.2766E~01
2.2151E-01
2.2624E~01
5.5T30E=-02
-2.0218E-02
2.0206E-01
1.1623E~05
=B.,3¢685E-05
-4.6645E-02

-1.8053E-05
-5.,4341E~05
-6.T872E=-04
-4.6958E-05
=3.2516E~05
«2.9017E-06

1.1607E~05

2.8883E-05
w4 .91 2F=04
-1.0301€E-02

~1l.8118E=05
=5.4320E~05
~6. T8T4E=D4%
=4, 6560E-05
~3.2517E=05
~2.9C17E-08

1.1607E-05

2.0883E-05
~-4.9912E=04
-1.03C1E-02

1.3933E-04
8.1259E-04
2.045TE-C3
T7.5098E=04
5.B293€E~04
T+2600E-06
-8.3369€-05
-4,99126=04
1.0942E-02
1.1665E=-01

1.3964E~04
B.1252E=04
2,0458E-03
T.5101E=04
5.R294E-04
T.2599E-06
-8.3362E-03
=-4.,991 2E=D4%
1,09426-02
1l.1665E~01

7.96TIE-D2
1.1132E-D1
9.3445E-01
T.9875E-02
3.1134E-02
1T278E=02Z
-4.6645E=02
-1.0301£-02
1.1665E=01
T.376TE+ID

8.0028E-02
1.1120E=01
9.3447E=-01
T.9884E-D2
3.1137€-02
l.727BE~D2
=4 .6643E-02
=1.0301E-D2
1.1665E~01
T.376TE+OD



A

2.532¢E=32 =8,5233E=02 &6.1683E~-02 3.1600E-02
2.8215E=02 1,6773E=02 9.03376=02 1l.7629E-02
€. 1778E=03 6,2913E=03 2.4653F-02 6.5299E~03
1.4069E~04 3.5443E-03 2.4146E=02 5.0827€-05
4 B6TIE~03 =9.1075E-03 ~5,05T8F=-02 3.4288E=-03
~1.3234E=06 1.3246E=04 =1,1603E=05 «6,9664E-06
2. 220RZ=05 4 ,8406E=02 1.5403E-05 2.3016E-05
1, 85056=03 —T.71L11E=01 T.4727E-02 S.7502E-03
TIME = 0.84000E+01
RICCATI SOLUTION MATRIX
3.56TRE+01  G.5051E-01 =2.661TE+00 1.65T6E+00 2.0139F=-01
9.9050E=01 3.9386E+30 1.0286E+00 Ll.9591E+00 4.8039E=01
~Z2B51LTE4+00  L.OZ2B6E+0D  3.0919E+00 1.0290E+00 4.9087E=-01
1.65T6E+00  1.9501E+00 1.0290E+00 1.3351E+00 3.5771E-01
2.0139E8=01 4.8040E=01 4,9086E~01 3I.5TTLIE~01 1.3294E-01
P.T74T2E=03 1,0L13E=02 1.26386E=-03 &6.756TE~03 1.6845E-03
2,5751E=01 3.2726F=-01 2.2159E~01 2.2627E-01 6.5740€-02
=1.B1A4E=D5 =5.42]14E=05 =6,TBT4E=04 =4.6881E=-05 =3.Z2508E~05
1. 3938F=04 8.1060E=04 2.0459E-03 1.4945E~04 5.8275E-D4
BuaN3605-02 1.11086=91 9.3449F-0! 7.9883£-02 3.1139E-02
KEy THE TRAMSIFNT ESTIMATE GAIN MATRIX
3.0989E=02 1.67156=02 1,08L1E~0l 8,45646E=03
4.051TE=-N2 2.3299E=02 1.3238E=01 2,2993E=32
2.5336E=02 =8,5227€«02 &6.1TLSE-02 3.1609E-02
2.8220E=02 1.6T76E=02 O9,0350E=02 1.7632E-02
8, 1792E=03 6.2920E~03 2.4B58E-02 645311E=-03
1.40725-04 3.5443F~03 2.4148E=02 5.0848E=05 -
44 B6TAE=D3 =S, 10T2E=03 =5.05756=02 3.4294E-03
=143234E=06 1.3245E~04 =1.1604E~05 ~6.,9664E-06
7.220BE=05 4,84066=02 1.5404E~05 2,3016E~Q5
1.850TE=03 =T.T111E=01 T.4728E-02 9.7504E-D3
TIME = 0,B85000E+01
RICCATI SOLUTION MATRIX
J.5R205401 9.26T2E~01 =2.6450E+00 1.663TE+O0 2.0325E-01
9.2671F=01 3,9645E+00 1.,0224F+00 1.9478E+00 4.7967E-D1
=2.6450F¢0C 1.0224F400 3.0931E+00 1.029SE+0C 4.9193E-01
1.663TE400  1.947TH8E+ND  1.0295E+00 1.3353E+00 3.5T7TE=-D1
2.0325B=01 4.7967E~01 4.9103E=01 3.5778E-01 1.3296E-01
E.TTRLE~03 1.0100E-02 1.26626-03 6.75T7E-03 1.6B849E-D3
2.5853E=31 3.2687E=01 2.2167TE=01 2.2630E-01 6.5750E=02
=1, B2206=05 =5,4193E~05 ~6.TBTSE~04 ~4.6B883E~05 -3.2508E-05
1.3963C=04 8.1051F-04 2,0459E=03 T.4946E-04 5.82T75E-04
8.0660F-02 L.1096E=01 9,34516-01 T.98936=-02 3,1142E=-02
KEy THE TRAMSIENT ESTIMATE GAIN MATRIX
2, 1121€=02 1.6T7T6E-02 1.0852E~-01 8.5686E-03
4,0466E=02 2.32764E-02 1.7222E-01 2.2952E-02
2.534RE=02 =8.5223E=02 6.1750E~-02 3.1518E=02
2oR2248~02 1,6TTIE-02 9.0364E-02 1.7636E~02

Ba T4T2E~D3
1.0112E~02
1. 2636E=-03
6. T564E-03
l. 6845E=03
5.8402E=03
=2.3218E~-02
“24 019€~-086
T« 2650E-06
1.7278E-02

8, 7T86E=03

1.3100E=02
1.2662E=-03
6.75T4E~D3
1. 6848E=-03

5. B402E=03"

=2.0218E~D2
=2. 9019E=-06
T+ 2650E=06
1. T278E-02

2.5751E=-01
3.2726E-01
2.2159E=01
242627E-01
5.5T40E-02
«+2.,0218E-D2
2.02076=01
1.1623E=-05
=B43684E=-05
=4266445-072

2.5853E=-01
3.268T7E=-01
2.2168E-01
2.2631E-01
5,575 1E=D2
-2.0218E~02
2.0207E-01
1.1623E=05
=8.3683E=(5
-4 b6 2F=02

-1.,817T9E~D5
=-5.4298E-D5
=6, T8T4E=04
=4 .6562E-05
=3.2518E=05
-2.901TE=D6

1.1eQ7E-05

2.H883E-D%
4,991 2E=0 4
-1.0301e-02

-1.8237E-05
-5.4277E~05
6. 78T5E~04
~4.6964E-05
-3, 2518E~05
-2.9C17E=-06
1.1606E-05
2.8883E~05
~4.9912E-04%
=-1.0301E=-02

1.3990E-04
8.1241E~04
2.045BE~03
T«5101E~04
5.8294E-04
T.2601E=05
=8,3363E-05
=4.991 2E-04
1.0942E-02
le1665E~01

l.401TE=04
B.12326-04
2.0458E-93
T.5101E-04
5.8294E-04
T.2603E=D6
=8.3354E=05
~4.99]1 2E=04%
1.0942E=-02
1.1665E~01

8.0354E=-02
1.1108E=D1
9.3449E-01
T.9895E=02
3.1141E=02
1.7279E~02
=4 6641E-02
=1.0301E=02
1.14665%E=01
7.3T6TE+QD

B.0655E-02
1.1096E=01
9.34526-01
T«9904E=02
3.1144E-02
1.T2T78E-02
~4.6640E-02
=1.0301E-02
1.1665E-01
T3THTEHDQ



vel

8.1806F—-03 £.2925E-03 2.4862E=02 6.5322E-33
1.40T4E=04 3.54436=-03 2,4146E-02 5.0864E~05
4, P6ASF=03 -G, 1069E~03 -5.0573E-02 3.4300E=03
=1.3234E=06 1,3245E=04 =1.16Q4E~05 =6,9664E+06
2.2208E=15 4.84D6E-02 1.5404E-05 2.3017E-05
1.8510E-C3 -7,7111E-01 T.472BE~C2 G, 7T506E~03
TIME = Q.880008+01
. RICCATI SOLUTION MATRIX
3.593£34+01 B8.TO40E=01 =2.6292E+00 1.6692E+00 2.0493E-01
F.T0O39E=01 3I.9AF0E+00 1.0162E+00 1.94556+0C 4.TB9TE-OL
~2.6292E400 1.0163E+00 3.0945E+00 1.0301E+00 4.9120E~01
1.6692E+00 1.9455E+400 1.0300E+00 1.3355E+00 3.5784F-01
2. 04%3F=01 4.7897€-01 4.9120E-01 23,5784E-01 1.3298E-01
F,BD73E=D3 1.008%E-02 1.2690F=03 &.7588E-03 1.6852E~03
2.5945F=01 3,20649E=01 2.2176E=-01 2.2634E-~01 &6.5761E-02
-1.8272E=0%5 ~5.41T2E=05 =6.TBT5E=04 =4,6884E-05 -3.,25098-05
1.39875=04 B.1041E-04 2.0460E-D3 7.4%46E-04 S5.8275E-04
BaN34E=-02 1.1085E=-01 9.3454E-01 7.9904E-32 3.1145E~02
KEy THF TRANSTENT ESTIMATE GAIN MATRIX
3.1242E-02 1.6834E-02 1.08906-01" 8.,6621E-03
4.0416F=02 2.3252E-02 1.3206E-01 2,2913E-Q2
2,5359%-02 ~8.5217E=02 6.1TBTE~02 3.1628E-02
2:82296=02 1.6TBOE=-02 9.0378F-02 1.7639E-02
Be IR20E=03 h.2933E=-03 2.48666-02 6.5333E-03
1. 4076E=-04 3.5444F-03 2.4147E-D2 5.0B883E-05
40 8693E=03 =09, 1064E=23 =5,0571F=-02 3,43065-03
=1.3235E=D06 1.3245E=04 =1.1604E£=-05 =5,9665E-06
2.2208E=05% 4.8406E=02 1.5408E=-05 2,3Q17E-~05
1.R512E=03 =7,7111E=21 7.4729E-02 9.750BE-03
TIME = (C.90000E+01
RICCATI SOLUTION MATRIX
2,6030E401 B8,2114F=D1 =2.6145E+00 1.6T43E+30 2.0642E~01
Ae2113E=21 4.,0119E+00 1.,0101E+00 1.9433E+00 4.7830E~01
=2.6145E400 1.0101E+00 3.0960E+30 1.03N06E+00 4,9137E-01
1l.&6T43E+00  1,9433€+00 1.0306F+00 1.335TE+00 3.5790E-01
2.06426=21 4,7830E=01 4.9137E-01 3.5790E-01 1.3300E-01
8.8333%-903 1.007T7E~02 1.2719F=03 6.7598E~-03 1.6855E-03
2.6029E~-01 2.26126=-01 2.2186£-01 2.2637E-21 6.57726-02
=1.A318F-25 ~5,4151E-25 =6.TBTHE~D4 ~4.6B86E~05 —3,2509E~05
1. 430 8E~04 8,1032E-04 2.0460E=-03 T.4947E=04 5.B276E-D4
F.11A2E=02 L.10T4E=-01 9.3457E~01 7,9914E~-02 3.1148E-02
KEe THE TRANSIENT ESTIMATE GAIN MATRIX
3,1351E~02 1.6B884E-02 1.0924F-01 B8.T7454E-03
4,0368E=02 2.3230E~02 1.3192F=Q1 2.2B875E-02
2.53726=-02 «8.5212E~02 6.1824E~02 3.1637E-02
2.B233%=02 1.6T82E=02 9.0392E-02 1.7643E-02
B.1R34FE=03 6#,2938E~03 2.4871F-02 6.5344E~03
1le 4078E=04 3,5444F=03 2.4147F=02 5.090iF-05

2.8073E-03
1.0088E-02
1. 2690E=-03
6. 7585E-02
1. 6852E-03
5.8402E~-03
=2.021RE=-02
=2.9019E-06
7.2651E-06
1.7278E=-02

8.8332E-03
1. 007TE~D2
1. 2719E-02
6. TS96E=Q3
1.6855E=03
5. 8402E-03
=2.0218E-02
=2.9019E-06
T.2652E=06
1.727BE-D2

2.5945E=01
3.2649E=01
2.2177TE-01
2.2634E-01
6.5T62E=D2
«2.,0218E~02
2.0208E-01
1.1£22E=-05
-8,3682E-05
=4 .6640E=02

2.6029E-01
3.26126=-01
2.218¢E-01
2.2638E-01
6.5T1E-02
=2.0218E=02
2.0208E-D1
le1622E=05
-8.3&B0E-05
=4 .6639E=02

~1.8287E~05
=5.4255E~05
-6, TBT5E=04%
~4 4 6566E~05
=3,2519E~05
~2.6017E=-06

1. 1£04E=05

2.8883E-05
-4.%912E~04
=-1.0301E=-02

=1.8332E-09
=5,4235E=05
—6.TBT6E=04
-4 .6568E-05
~3.2520E~05
~2.5017E=-06

1.1606E=-05

2.8883E-05
-4 .9912E=04%
-1.0301E~02

1.4042E~04
8.1223E«04
2.0458E-0Q3
T+5103E~04
5.8294E~04
T.2603E=~024
~08.3340E~D5
4,991 2E=04%
1.0942E~02
1.1665E~01

1.4059E~04
Ba.1214E~04
2.0458E~03
T«5104E-04
5.8295E=0%
T.2602E~06
-8.33596~-05
-4,991 2E=-04
1.0942E~02
1.18656-01

8.09296-02
1.1085E-~01
9.3454E-01
T.9915E=02
3.1147E-02
1.T2T8E=-D2
=4 .H63BE-02
=1.0301E=-02
1.1665€-01
T« 2T6TE+Q0

8.11T7E-0Q2
1.1074E=01
9.3457E-01
T.9925E~02
3.1150E-02
1.7278E~Q2
-4 .6636E~02
-1.0301E+02
1.1665E=-01
T.3T6TE+QQ



get

~1.3236E-28

1.3245E=04 ~1.1604FE~05 =6.9666E-06

4.87006-03 =9,1061E-03 =5,0568E=02 3.4312E-~03
=1.3235E=06 1.3245E-04 =1.1604E~05 =6, 9665E=06
2. 2208E-05 4.8406E-02 1.5406E=05 2,3017E=05
1.8514%=03 ~7.7111E=-01 7T.4730E-02 9,7509E-03
TIME = 0.92000€+01
RICCATI SOLUTTION MATRIX
346103E+01 T.7850E=01 -2.6009E¢00 1.6788E+00 2.0775E-01
7. 7849E=01 4.0332E+00 1.0039E+00 1.9412E400 4.T766€E=01
=2.6309C+00 1.0040E+00 3.0976E+00 L.Q0312E400 4.9155E-01
1.67TRBE+00  1.9412E+00 1.0312E+D0 1,3360E+00 3,5796E~31
2.0TTSE=01 4 .TT66E=21 4.9155€-01 3,5797E=-01 1.3302E-D1
8.8564E=03 1.0066E-02 142749E=03 6.7609E~03 1.6858E-03
2,6104E=01 3,257TE~01 2.2195E=01 2.2641€~01 6.57B2E=02
=1.8360E=05 =5.,4132E~05 =6a TBTOE=24% =4, 6B88E~05 =3.2510E=D5
1.4028E=34 B.1023E~04 2.0460E=03 7.4948E-04 S.8276E=04
B.14038-02 1.1063E=01 9.3459E=01 T.9924E~02 3.1151E=-02
KEy THE TRANSIENT ESTIMATE GAIN MATRIX
3.1448E-02 1.6930E~D2 1.0954E-01 8,8189E-03
4.00226=02 2,3208E~02 1,3177E=01 2.2B40E~Q2
2.5384E=-02 ~A.5206E~02 6,.1863F=02 3,164TE=02
2. 8238E=02 1.67B4E-02 9.0406E=-02 1.7646E=02
B. 1B4TE-03  £.2945E-03 2.4B75E~-02 6,5354E=-03
1. 408 1E=04 3.5444E=03 2.414TE~02 5,0919E-05
4+BT0BE~03 =9,1058E=03 =5.0566FE-02 3.431B8E-03
=1,2238E=0€ 1.3246E-04 —1.1604E=05 =6, 9665E=06
2,220BE=35 4.8406E-02 1,5406E~05 2.30176-05
1. 851 6E=03 ~T7,T1L1E=D1 7.4730E=92 9.751LE=03
TIME = 0.94000E+01
RICCATI SCLUTION MATRIX
3.6159E+01 T.4204E=-01 =-2,5B86E+00 1.682BE+00 2.0K90F-01
T.4203E-01 4.0531E+00 9,9795E-01 1.939LE+00 4.7704E=-01
=2, 5ABGE+0D  SI9796E-01 3,0993E+400 1.0318E+00 4,91T72E~01
1. 6828E+00 1.9391E+00 1.0318E+00 1.3362E+00 3.5802E-01
2.0890E=01 4,.TIN6E-01 4.9172E=01 3.5803E=01 1.3304E-01
B.8769E=03 1.0056E=02 1.277T9E=-03 6.76196~-03 1.6861FE-03
2.6169E=01 3.2543E~01 2.2205E=01 2.2644E-01 6.5792E-02
=1.8397E~05 =5.4113E=05 =6, T8TTE=04 ~4.6890E-05 -3.2511£-05
1. 4045E~04 8.10)14E~04 2.0460E=03 T.4949E=04 5.B8276E=04
B.1599E=02 1.1054E=01 9.3462E=01 7.9934E-02 3.1154F=02
KEy THE TRANSIENT ESTIMATE GAIN MATRIX
3.15346=02 1.6970E«02 1.0981E~-01 B.B8B830E~-03
4.027BE-02 Z.318BF=-02 1.3164E=01 2.2807E=02
2. 53375-02 =8,5199E-02 6.1903E~02 3.1657E=-02
2. A2428-02 1.6T786E~D2 9.D419E-02 1.7650E-02
B. lBE60E~03 6.2952E=03 2.4879E-02 6.5364E=03
1.40833E-04 3.5444E=03 2,4147E-02 5.0936E~-05
4,87T15E=03 =9.,10546-03 ~5,0564E~02 3.4323E-03

8.8564F~03
1.0066E=02
1. 2749E=03
6. T60BE=D3
1. 685 8E~D3
5. 84D2E=03
-2.,0218BE~02
=2.9012E=06
T+ 2652E=06
1.7278€~D2

8.8769E=D3
1.0056E=02
1. 2779E=-03
6. 761TE~D3
1. 6861E-023
5.8402E~03
=2.0217€-02
-2.9019E=06
7.2652E=06
L+ T2T8E=-02

2.6104€~D1
3,2577E=01
2.2196€-01
2.2641E-01
6.5783E-02
-2.0218E-02
2.0209E-01
1.1622E-05
-B.36T9E=05
—4.663TE=D2

2.6170E~01
A,2543E~01
2.2205E~01
2+ 264 4E=01
6.5793E~-02
~2,0217E-G2
2.0209E=01
1e1621E~05
~8.3677E~05
~4, 6635602

~1.8374E-05
=5.4216E-05
=6.187€E~D4
-4 6STOE~DS
=3.252CE=05
~2.901TE=D6

l« 180 EE~DS

2.BBB3E-05
=%4+9S12E=04
~1.0301E=-02

~1.841 2E-05
~5.419TE~05
~6.TETTE=D4
-4 .6972E=0%5
-3.2521E=05
-2.901 TE=0&

1+ 1€05E=-05

2+8883E-05
4,951 2E=04
~1.0301E=-02

1.4077E-04
B.1205E=04
2.0450E~03
Ta5104E=04
5.68295E=04
T+2606E=06
~8.3359€E~05
=4.991 26~-04
1.0942E-02
1.1665E-01

1.4097E-04
8.1199€~04
2,0659E~03
7.5107E=04
5.8295E=04
7.2604E=D6
~B8.33546=-05
~4.991 2E-04
1.0942E-02
1.1665€-01

8.1399E~02
- 1.1064E=01
9.3460E-01
T.9935E=02
3.1193E~02
1.T2TBE~-02
=4 .6635E=-02
=1.0301F=02
1.1665E~01
T«3THGTEHDO

§.1593E~02
1.1054E-01
9.3463E=01
T« 9945E~02
3.1156E~02
1.7278E=02
=% .6633E-02
~1l.0301E=-02
1.1665E=01
T.3T6TE+0D



921

3.16T2E=02
4.0198E~02
245422E-02
2.8250E~02
8. LAASE=03
1.478TE=04
4. 8T29F-03
“~1.3237E~-04
£+ 22NQE=NS
1. R522E~D3

1.TO34E=-02
243150E=02
~8.518BE~D2
1.6790E=-02
6.2962E-02
1.5444E~03
=9.1048E~-03
1.3245E~04
4,840 6E=-02
=T«7111E-01

1. 1024E=01
1. 3139E~01
6.1982E=02
9.0445F=02
2.4886E-02
2.4147E=02

~5,0560E-02

- 1. 1604E~05
1.5407E-05
T.4132F~02

KEs THE TRANSIENT ESTIMATE GAIN MATRIX

8.9852E=03
2.2T4bE~-D2
3.186T6E=-02
L. 7T456E=0(2
6. 5383E=-03
5.0969E~05
3.4334€E-03
=6, 966 6E=06
2.301 TE=-05
9. TS 6E«02

22 2209E~05 4%.8406E«02 1.540TE=05 2.301TE=-D5
1. 851 8E~03 =T7.7111E~01 7.4731E-02 9.7513E~-03
TIME = 0.96000E+01
RICCATI SOLUTTION MATRIX
3.6201E+01 T.1128E=01 —2.87T76E+00 1.6862E+00 2.0990E=-01
Ta112T7E=D1  4,0713E+00 9.9211E-01 1.9372E4Q00 &4.7650E-01
=2.57T7654¢00 9.9212E-01 3.1010E+00 1.0324E+00 4.9190E=01
1.6B62E+00 1.9372E400 1.0324E+00 1.3364E+00 3.5808E-01
2. C990E-01 4.7650€-01 4.9190E~D1 3.5808E-01 1.3305E-01
8.9948E=03 1.0046E=-02 1.2B809E-03 &6.T630E~03 1.6864E-03
2.622TE~01  3.2511E-21 2.2215E-01 2.2647E-01 6.5B02E-02
“1.8429E=05 =5.4095E=08 ~6.TATTE=~0Q4 =4.6892E-05 =3.2511E=05
L. 40605=-04 B.1006E=04 2.0461E~03 T7.4950E-04 G.8276E-04
2. 17695=02 1.1044E=-01 9,3465E«0l T.9943E=02 3.1157E~02
KEy THE TRANSIENT ESTIMATE GAIN MATRIX
2. 16086=-02 1.7005E-02 1.1004E-01 8.9382E-03
4.02376~02 Z.3168E~02 1.3151F-01 2.2775€-02
2o 5410E-02 ~B.5194E-02 6.1942E~02 3.166T7E-02
2.8248E-02 1.4£78BE=-02 9.0432F=02 1.7653E-02
8, 1873E=-03 6.29566-03 2.4B83F~Q02 6.5374E-03
1. 4085E=04 3.5444E=03 2.4147E-02 5.0953E-05
44 0722E~03 «9.1052E~03 ~5.0562E=02 3.4329E-03
~1e32370-06 1.3245E-0% =1.1604E-05 —6.9666E-06
2e2219E-05 4.8406E=-02 1.5%4)7E~D5 2.3017E-05
1. 8520E=03 =7.7T111E=01 7T.4732E-02 9.7514E-03
TIME = 0.98000E+01
RICCATI SOLUTION MATRIX
3.6230E+01 5.85T4HE-01 =~2.5679E+00 1.6892E+00 2.1075E-01
€2 B5TIE=01 4.Q0880E+00 9.864TE=01 1,9354E+00 4.759T7E~D1
~2.56T95+00 S.8648E=01 3.10288+00 1.0330£+00 4%.9207E-01
1.46892E+00 1.9354E+00 1.0330E+00 1.3365E+00 3.58146-01
20 10745=01 4.759BE-01 +4.9207€-01 3.5B14E-01 1.3307E-01
8.91015=03 1.0037€-02 1.2839E~-03 6.7639E-03 1.6867E~03
2.62T6E=QL1  3.2481E=01 2,2224E-01 2.2650E~01 6.5011E-02
~1e8456E=05 =5,40T9E=05 ~6.TBTBE=04 =4.6894E-05 -3,2512E-05
1o 437135-04 8,0998E-04 2.0461E-03 T7.4951E-04 5.8276E-04
8. 191 56~02 - 1.1035%5E~01 9.346BE=01 T.99%3E-02 3.1160E~02

B,B8947E-03
1.00%6E-02
1.2809E=-03
6.762TE-D3
1.6864%E=-03
5. 8402E-03
~2.021TE~0Q2
=2, 9019E-06
T.2652E=06
1.7278E=D2

8.9101E-03
1.0037TE-02
1. 2840E-03
6. T63TE=D3
l.686TE-D3
5. 8402E-D3
~2.021TE=02
-2.9019E~06
T-2652E=06
1. T278E-02

2.6227E=01
3.2512E=01
2.2215E-01
2.2648E=-01
6.5802E-02
=2.0217E~-02
2-0210E-01
1.1621E-05
=8.3676E=-05
=4.6634E=07¢

2.62T6E=D1
3.2482E=01
2.2225%E-01
2.2651E-01
6,581 2E~02
~2.0217E-02
2.0210E=01
1.1621E-05
=B.3675E-05
=4.6632E=02

~1.B444E=D5
~5.4180E=05
-6.7RTBE=04
=4, 6974€=05
-3,2522E-05
~2.9017E~06
1.1605E~05

2.R883E=05
-4,96] 2E=Q4
~1.0201E-02

~1.8472E-05
=5.4164E~05
=-6.T818E=0%
=4, 69T6E-05
—-3.2522E-05
=2.90]18E~06

1. 1604E-Q5

20 8883E-05
=% .9912E=0 4
wle@301E-D2

l.4113E~04%
8.1189E=-04%
2:-0459E=03
T.5107E-04
5.8295€~04
T+2603E-06
~8.3354E=-05
4,991 ZE-D4&
1.09426-02
L.1665E€=01

Lae123E~D8
8.1183E~04
2.04606-03
T.5109E-04
5.8296E-04
T.28603E=06
=8.3349€E-05
=4.991 2E-Q4
1.0942E-D2
Lo1665E=01

8.1T64E-02
1.10456=01
9.3464E=01
T-2955E-02
3.115%9€=-02
LaT278E-02
~4.6631E-02
=1.0301E-02
1.1665€E=01
T-3T6TE+QQ

8.190BE~02
1.1036E=01
9.3469E~01
T.9964E~02
3.1161E-02
l-.T2¥1BE-02
=4.6630E-02
=-1.0301E-02
1l.1665E=-01
T.3T6TE+OD
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KE,

3.6249E54+01
6. 6493E-01
=2.55%95E400(
1. 69172400
2. 1145€=-01
B.9231E-03
2.6317E=01
=1.8430E-05
1. 40842=-04
2, 2030E-02

KE,
3.1T26E=02
4.0L61E-02
2.5435E=02
248254E~02
8.13896%-03
1.40898=04
4. BT3ILE-D]

=1.3237F=06
Ze2279E=05
1. 8524C-03

3.6260E+01
644839E=01
=2, 5523E+00
1. 693RF+00
2.1203C=-C1
A,9338E~03
2.6352E-01
~ 1. 84995-05
1. 4093E=04
84 2140F=02

2.1770E=-02
4.0128F-02
2. 544 TE-02
2.82585=02
B. 190TE=-03
1. 409 15=04
4.0742E-03
=-1.223BE=Q6
2.2209%=05

&y 6494E~-01
4.1032E+00
9,.,8107E-01
1.9337E+0D
4, T545E=01
1.0028E-02
3,2453E~01
=5,4063E-05
8,09918~0N4
1.1027E=-D1

Z.3131E=02
-8.5184E=02
1.6191E=02
£.2965E-03
3.5444E=03
-5, 1046E-03
1.3245F-04
4.8406E-02
=T.7l11E=01

6.4840E=-01
4. 11 TOF 020
S,7592E=01
L.9321FE+00
4.T503E~-21
1.0020F~02
3.242TE=-01
=540 48E-05
P08 4F=-0 4
1.1019F=0.1

1.708 26-02
2.31156=02
—R.5177TE-02
1.6T93E-02
6.2971F-03
3.5444E=01
-9.1043E=03
1.3246E-04
4.8406F-02

1. A526E~03 =T, 7111E=-01

THE TRANSIENT ESTIMATE GAIN MATRIX
L.7070E=02

TIME = 0.10000E+02
RICCATI SOLUTION MATRIX
=2.5594F+00 1.691T7E+00 2.1145E=-01
9.8106F-01 1.9337TE+00 4,.7543E=-D1
3.1046E400 1.0336E400 %.9224E~D1
1.0335E+00 1.3367E+20 3.5819E-01
5.9224E~01 3.5B819%9E-01 1.3309E-01
1.2869E=03 6.7649E=03 1.&870E=-03
2.2234E=01 2.2654F=01 6.5820E=02
=6, TBTHE=04 =4,6895E=05 —-3.2512E=0%
2,0461E=03 T.4951E=04 65.8277E-D4
F.34T1E=01 T.9962E=0Z2 3,.1162FE=-02
1.1041E~01 9,0243E-Q3
1.31276~-01 2.,2719E=-N2
6.2021E~02 3.1686E~02
9.0458E~02 1.T7659E=02
2.4890E-02 645392E-03
2.414T7€~02 5,0984E-05
~5.05586=-02 3.4339E=03
=1.1605~05 =6, 966 TE=06
1.5409E~-05 2,3018BE-05
Ta4T33E~02 9.,751TE-03
TIME = 0.10200E+02
RICCAYI SOLUTION MATRIX
=2.5523E+00 1.6938E+00 2.1203E-01
9,.7591E~01 1.9321E+00 4.7503E-01
3.1064E+00 1.0341E+00 4.9241E-D1
1.0341E400 1.3369E+00 3,5824E-01
4¢9240E-01  3.5825E-801 1.3310Ff-01
1.2898E-03 6,765BE~03 1.6B73E~03
2,2244E~01 2.2656E=01 6.5828E=-02
=€.TBTIE~04 ~4,6897E-05 ~3,2513E-05
2.0461E=-03 7.4952E~04 S5.82776-04
F.34T4E=~Cl T7.9971E=-02 3.1165F-02

1.10556=31
1.311 76=-0L
6542059602
9,04698=-02
2.4893E-02
24414TE~0Q2
-5 .0556E=02
=1.1605E~05
1.54096-05
T4 TI4E=02

THE TRANSIENT ESTIMATE GAIN MATRIX

9. 0563E=-03
2.2694E~02
3.1695E-02
1.7662E=-02
6. 5400E~03
5.0999€-05
3.4343E-03
~6.9656 TE=D&
2.3019E-05
9. T519€E-03

8.9231E~+03
1.002BE~D2
1. 2869E-03
6. T646E~D2
l. 687T0E~D3
5.8402E-03

=2.0217E=02
=2.9019E=06

T+ 2654E~06
1. 7278E=0D2

'8.9338E-03

1.0020E~02
1.2899E-03
6. T655E~03
1. 6873E~03
5.8402E-03

=2,0217E-02
=2.9019E=06

T« 2654E-06
1. 7278E=02

2.6318E-01
A.2454E-01
2.2234E=01
2.2654E=-01
6,.5820€E-02
=-2.0217E=02
2.0211E~01
1. 1620E-05
=8.3673E~05
=4.6631E=02

2.6352E=-01
3.2427E-01
2.2244E-01
2.2657E~01
6.5829E~02
~2.Q02L7TE=02
2.0211E=01
1.1620E~05
=B.3872E=05
=4.6629E=-02

=1.8495E~05
=5.4144E-05
=6.TETBE~D4
=4 .69T5E~05
=3.2522E-05
~2.9018E-06

1.1605E=05

2.8883E~-05
~4. 591 2E=04
~1.0301E~02

=1.8511E~05
=5.4131E~05
=6.T879E-04
~4.6STBE=05
~3.2523E-05
=2.5018E-06

1.1€604E=05

2. 8883E~05
=4.9912E-04
-1.0301E~-02

1.4169E-04
8.1161E=04
2.0458E~03
T.51026-04
5.8293E=-04
T.2602E~06
=8.3364E-05
-4 ,391 2E=04
1.0942E-02
l.1665E=01

1.4131E-04
A.1158E=04
2.0450E-03
7.51046-04
5.829 56-04
7.2603E-08
—8.3358E=05
-4 .9912E~-04%

1.0942E=-02

l.1£45E~01

8.,2031E-02
1.102TE=01
9.34726-0D1
7.9973E=02
3.1164E~02
1.7278E-02
4. 662BE=-02
=1.0301E-02
1.16656=0%
T3T6TE+OD

Ba2144E-02
1.1020E-01
F.34T4E=01
T.9983E-02
3.1167E-02
1.7273€-02
=4 .6627E=-02
-1.0301E-02
1.1665E-01
T.3TATE+00
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YIME =

0.

10400E+02

RICCATI SOLUTION MATRIX

3.6264E 401 64356 TE=01 ~2.5453E+00 1.6955E+00 2.125%0E-01

E.35665=-01 4.1294E400 9.T1094F=01 1,.9307E+00 4.T7462E-01
~2.54535¢00 9,7T108E~01 3.1082E+00 1.0347E+00 4,.9256E-01

1.69558+0C 1.93076+00 1.0347C+00 1.33T1E+00 3.5829E-01

2.1250E-01 4.7462E-01 4.9256E=-01 3.5829E-01 1.3311€E=-01

8,9425F=13 1.0012E=-02 1.,292T€=-23 6.766TE-03 1.6875E-03

2.6379T-01 3.2403E=01 2.2253E~01 2.2659E-01 €.5836E-02
=1.8515E=05 =5,4035E=-15 =6,7879E=04 =4.6899E-35 —~3,.2513E-05

1o 41N0E=04 B.097BE=04 2.0452F=03 T.4953E-04 5.8277E-04%

R.2223F=72 1.1012E-01 9.23476F=C1 7.9979E=-02 3,1167TE-D2
KEy, THE TRANSIENT ESTIMATE GAIN MATRIX

3.1806FE~02 1.7135E-D2 1.10686F=-21 9,0818E~D3

4.009€E=32 2.3102E~-02 1.3107E-01 2.26T1E-02

2+ 5459E=~02 =B8,5172E=02 6.+2096E~02 3,1704E~02

2.8262E=07 1.6795E=02 9.0481F=02 1.T665E=-02

8. 1918F=03 6,29776-03 2.4B97E=02 6.5407E-03

1. 40935=04 3.54450=-03 2.41476-02 5.1012E-~05

4.8748E-03 ~9,104C0E=03 ~5.0554E~02 3.4348E-03
=1.323PE~06 1.3245E-04 =1.1605E=05 =6, 9656TE=Q6

2. 2209E=05 4.8406E=02 1.5409E-05 243018E-05

1.8528F=03 =7.7111E=-01 T.4734E-02 9.7520E-03

TIME = (0.10600E+02
RICCATI SCLUTION MATRIX

A.6263E+01  6.2630E-01 =2.54156£+00 1.6968E+00 2.1285E~01

6.2629F=01 4.14)5F+00 9.6646F=01 1.9293E+400 4%.7424E«01
~2.5415E+CC S.664RE-01 3.1100E+00 1.0352E+00 4.9272€«01

1.69685+00 1,9293FE+00 1.0352E+C0 1.3372E+00 3.5834E-01

2.12ZR5E-01 4.T424E=01 4.92T72E=-01 3.5834E-01 1.3313£-01

A.5492F-03 1.00056=-02 1.2955E~03 6.76756-03 1.68T8E-D3

Z2.6431F=01 3.2381E=01 2.2261E-0} 2:.2662E-01 6.5843E6-02
=1.8527E=D5 =5,4022E=75 =6, 7T830E=04 =4.6900E=05 =3,2513E~05

1.41386%=-04 8.0972E-04 2.0462E-03 7T.4954E-04 5.B2TTE-D4

B.22R8T2=02 1.1005E=01 9.3479E~01 7.998TE-02 3.1169E-02
KEy THE TRAMSTENT ESTIMATE GAIN MATRIR

3,1834E-02 1.71206-02 1.1075E~C1 S.1013E-D3

4.006085~02 2.3088E~02 L.3098E-01 2.2650E-02

2.54T1E=-02 ~B.516TE=D2 6,.,2132F=-02 3.1712E-02

2.8265E-02 1.,6T96E-02 9.0491F=-02 1.7646TE=-02

Fal927E~]3 6.29B81E~-03 2.4900F-02 6.5414E-03

1. 4098C~74 2.5444E=03 2.41470=02 5.1025E~0%

4,8753E~03 =G, IN3TE=D3 =5,0552F=02 3.4352E-03
=1.323BE-06 1,32056=04 =1.16085F=05 ~6.966TE-06

2.2210E=05 4.A406E~02 1.54106-05 2.3018E-05

1. A530F=03 =7.T111E~=01 T.4735F=02 9.T7521E-03

TIME = 0.10800E+02

B8.9425E=03
1.0012E=-D2
1,2927E=-03
6. THH4E-03
l. 687SE=-03
5 B8402E=03
=2.02176-02
=2.9019E-06
T 2654E~06
1. T27BE=02

B.9492E=0D3
1. 0005E~02
lo 2955E=03
6. T6T2E-03
1. 68TTE~-D3
5. BAG3E=D3
=2.0217E~02
~2.9020E-08&
T.2654E=06

2.6380E-01
3.2403E-01
2.2253E=01
2. 2660E-01
&.5B37E-02
=2.0217E-02
2.0212E-01
1.14620E-05
«f8.3&T1E~Q5
=4 .6628E=0D2

2.6401E=01
3.2381E=-01
2.2262E=01
2.2662E=01
6,5844E=02
=2.0217E=-02
2.0212E=-01
1.1620E=05
=-8.3670E~+05

=1.8525€E-05
+~5.411BE=05
=-6.TBT9E=04
=4 .69T9E=05
=3.2523€~05
=-2.9018E-06

1.1604E-05

2.BE83E-05
-4 ,9912E=04
-1.0301E-02

~1.8537E-~05
=5.4107E~05
=6o TH60E-04
(4.6?81E*05
=3.,2524E~0%
-2.%018E-D6

L+ 1604E=-05

2.8883E-05
-4.99126=-04%

1o 7278E=02 =4.6627E=02 =1.0201E~02

l+4160E~04
B.1158E~04
2.0440E~03
T.5107TE-D4
5.8295E=04
1.2607€=06
—~R.33256E-05
—-4%,9%1 2E~04
1.0942E=-02
1.1E65E=01

l.4164E=-04%
8.1153E-04
2.0460E—-03
T.5109E=04
5.,8296E=0D4
T.2605E=06
=8.,3351£=-05
=4.991 2E~04
1.0942E-02
1.1665E=-01

B.,2221E-02
L.1012E=-01
F.3477E~01
T.,9991E-02
3.1169E-02
1. T27BE~02
=4 .6625E=-02
=-1.0301E=-02
1.1665E=01
T«3TH&TE+OQ

B.2291E~D2
1.10086E=01
9.3480E=01
7.9998E=02
3.1171E-02
1.7278BE=02
—4.6624E=-02
=1.0301E~02
1la1665E=01
T7.376TE+0O
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SeQLITERUL
6. 1985E~01
=2.5377€+0C
1.59T7TRE+00
241311521
8. 9543F=03
22641 TE=D 1
~1.8536E-95
1. 4110E~04
8.23358=02

He L985E=01
44 15042400
G.6221E=01
1.9281E+00
4.T390E=01
3. 9991F=03
3.2361E~01
=5.4011E=05
8.0966F=04
1.0999E-01

~2.537TE+CO
9.6219E~01
3.1118F+00
1.035TE+0C
4.9286L~-01
1. 2981E-03
2.,2270E-~01
=60, TEBOFE=-04
2.0462E~03
9.3482E-01

KEy THE YRANSIENT ESTIMATE GAIN MATRIX

3.1854E~02
44006 1E=0 2
2.5482E~-02
2.826RE-02
8. 1936F=03
1. 4997E~04
4. BYS9E=D3
—1.3229€-06
2.2210E=-D5
1. 85315=-03

3.625384+01
6. 1592E=01
=2.5350E+00
1.6984E+00
2+ 1329E=01
8. 95T TE~D 3
2.842RE=01
=1, BR42E=05
1.4114E=-04%
8, 2368E~02

1.71256=02
2.3015E-02
~8.5160E-02
1.6798BE=02
€.2987E~03
3.5445E=-03
=9.1034E+-013
1.3246FE-D4
4.8406E=02
=7.7T111E=01

6.1593E=-01
4. 1590E+00
9.5825E=01
1.927T0E+00
4.7359E-01
9.9934E-03
3.2342E-01
=5.4000E~05
B. 096 1F=14
1.0994E=01

L.1081E-01
1.3090F=-01
6+2166E~02
9.0502E-02
2. 4903k~-02
2o4l4TE~02
=5.0550F=C(2
=1.1605E-05
1.54106~05
T.4735E~02

RICCATI
~2.5350E +00
9. 5823E=01
3.1135E+00
1.0362E+00
4.9300F=01
1.30066-03
2.2278E-01
=6, TEB1E=04
2.0462E-03
9348 4E~01

KEy THE TRANSIENT ESTIMATE GATN MATRIX

3.1869E=02
4.00l8E=072

2.54926=02"

2. 82715-02
8. 1945F=-03
1. 409 8E-04
4,07645=03
=1.3239F=06
2.2210E-235
1.8533E-03

3. 62452401

1.7130E~D2
243063002
~B.5156E~02
1.6799E=02
6. 2988E=03
3. 5445E=-03
~9.1033E~03
1.3245E=-04
4o B4DLE=02
=T.7111E=01

6.1415E=01

1.1086E~01
1.3082E~01
6.2199E=02
9.051 1E=02
2.49056-02
2.41576~02
-5,0549E=92
=1.1605E=05
1. 541 0E=05
T4 TIGE=02

RICCATI
=2.5333E+00

1.6978E+00 2.1311E-p1
L. 9281E+00 4,73R9E-01
1.0357E+00 4.9286E-01
1.3374E+00 3.5838E-01
3.5838E~01 1.3314E=-D1
6. TH83E-03 1.58B0E-23
2. 2664E=-01 6.5850E~02
~4.6901E=05 ~3,2514E~0%
T.4954E~04 5.8278F~04
T.9994E=02 3.1172¢-02
9. 1155E=13
2.2631E=02
3. 1 T20E=-02
1. 7669E=02
6.5421E=03
5. 103 TE=0D5
3.4356E~03
~6.9668E~06
2.3018E~05
9. 7522E=03
TIME = 0,11000E+02
SOLUTTON MATRIX
1.6984E400 2,.1329€E-01
1.9270QE+00 4,7358E-D1
1.0362E+00 4.9300E-D1
1.3375E+00 3,.5842E-01
3.5842E-01 1.3315E«01
6. T690E=03 1.6BA2E=~0)
2. 266TE-01  6,5857E=02
=4 6903E-05 =3.2514E=05
T.4955E=04 S,A8278E-04
8. 0001E~02 3.1173E-02
9. 1250E=03
2+.2614E=-02
3.1728E-02
1.767T2E~02
6.5427TE~03
5.1049€=-05
2.4359E=-03
=be 7668E-06
2.301 8E-05
9. T523E-03
TIME = 0.11200E+0?2

SOLUTION MATRT X

1.6988E+00

2.1339E-01

8.9543E-03
9. 998G E=-D3
1.2981E-03
6, T6B0E=-03
1. 6880E=-03
5.8403E=-03
=2.0216E=-02
=2.9020E=C6
7. 2654E~06
1. 7278E=02

8. 957TE=03
9.9931£-03
1. 3007E-03
6, 7687E=03
1.6882F-03
5. B403E~-03
~2.0216E=-02
~2.9020E=~06
7.2655€-06
1.T278E=02

8.95%8E-~-03

2.641TE~01
3.2361E=01
<« 2270E~-01
2.2665E~D1
6,5851E=02
=2.0216E-02
2.0213E~01
le 161 %E-05
=8.366%E=-05
=4.6625E=02

2.6428E=01
3,234 2E=01
2,2278E~01
2.2867E=01
6.5858E=02
~2,0216E=02
2.0213E~01
1.1619E=05
-8.3668E=05
~4.6624E=02

2.6435E=01

=1.8856E=-05
~5.409€E~05
=6,T880F=04
~4. 698 3E~05
=3.2524E=05
=2.9C1 8E-04

1.1603E~-05

2.8803E=~05
=%.9912E=D4%
=1.0301E=02

«1.856ZE~05
~5.4086E=-DS
=6.7801E=04
=4.6985E=05
-3,2525E~05
~2+%018E=06

1. 1603E~05

2.8883E=-05
=42 I912E~1 4
=1.03Q1E=02

~1.8562E=05

1.4160E«04
8.1)Y47E=-04
2.0460FE=03
T.5109=04
S5.B298E-04
T.2508E=06
=8.3352E-05
~4,9Q1 2E=~04
1.0942E-02
1.1665E=01

1.4187E~04
B.1145E=04
2.0460E-03
T.5112E~04
5.8296E~04
T.261%=06
“8.3349E=05
=4.991 2E~04
1.0942E-02
1.16658~01

1.4170E~04

8.2352E~02
1.1000E=-01
9.3%82E=01
4,0007E=D2
3.1174E=-02
1.7278E=-02
=%.6623E~02
=1+0301E~02
L. 1665E=-Q1
TATHETE DO

B.2356E=-02
1.0994E~01
9.3485E-01
8.001 1E-Q2
3.1175E=02
1.7278E=02
~4.6622E=02
=1.0301E=-02
l.1665E~01
T+3TGTE+ODO

8,2379E~02
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6. 14146-01
=2.5333E+00
1,6988E+00
2.1339E-01
R. 95985=03
2. 64355=71
=1.8546Z-05
lo4l15E=24
B.2337E~-02

4.1666E+00
9.5460F=0D1
1.9260E+00
4,7T331E-01
9,9882FE-03
3.2326E-~01
=5,3991E-05
. 095 TE~0%
1.09898=-01

9.5459E~01
3.1151E400

1.9260E+00 4.7331E-D1
1. 036TE+N0  4.9313E-01

KE, THE TRANSIENT ESTIMATE GAIN MATRIX

A.187TE-02
31,999 65=02
2.55026=02
2.8274E=-02
8, 1953E-03
1.41C0E=-04
4, 8768E=03
=1.3239E=06
2.2210€=-45
1.8534E~03

3,623T7E401
fe 14158=01
~2.5324E+00
1. 6990E+09
2. 1342E=01
8.560 7E-213
2.6437E-01
~1,8548E=15
1. 41146E~04
8,2395%=-02

1.7T131F~-02
2.3054E=-02
=8.5150E-02
1.6B01E=02
€.2993E-03
3. 54458=23
-9, 1030E-03
1.3246E=04
4.84066=-02
=-7.7111E=01

6o1416E~01
4.1732E+00
$.5126E-01
1.9251E+00
4,7306E~01
9,98 356-03
3.2311E-01
~5,3983E=05
R.0953E=04
1.0984E-01

1.03676400 1.337TE¢00 3.5845E-01
4.9313E=01 3.5846E-01 1.3316E-01
1.3031F=03 6, T697E=-03 1.6884E-03
2.2286F=01 2.26069E=01 6.5863E-02
=5, TBBLE=04 =4,6904E=-0%5 =3.2515E-05
2.0462E=03 To.4955E-C4 5.B827BE-04
9,34B6E~01 8,000TE=-02 3.1175E-02
1.108%9~-01 9.1303E=-03
1.30756-01L 2.2598E-02
65.2231E-02 3,1735E~02
9.05206=02 1.T6T4E=-02
2.49DRE=02 6.5433E~03
2.4147E-02 5,1059E-0%
=-5,0547E=-02 3.4363E-03
~1.1605E=05 =6, 9668E~06
1.5411F~05 2.3018E-05
T.4T36E=02 9.7524E~03
TIME = 0.11400E+02
RICCATI SOLUTION MATRIX
—2,5324E+00 1.6990E+00 2.1342E-01
9,5125% =01 1.9251E+00 4.7306E-01
3.116TE+0D  1.D37TIE+0D 4.9325E-01
1.0371E+00 1.3378E+00 3.584%9E-01
£.932%=01 3.5849E-01 1.3317E-01
1.3053E=-03 6.77036E-33 1.6885E-03
2.2293E~01 2.26T71E=01 6.586BE-02
-6, T882E=0% =4.6905E~05 —-3,2515E-05
2.0463E=03 T.4956E=04 5,.,82TAE-D4
9,3488E-01 H.0013E-02 3.1177E-02

KE, THE TRANSIENT ESTIMATE GAIN HATRIX

3,1880E~-02
1,9977E=-02
2.5511E=02
2.R2TIE=02
B. 1960E=03
1,412 16=04
4,87T3E=)3
=-1,32392=06
2. 2210E=05
1. 8535E=-23

3.,6229E401
6.1542E=01
-2.5322E4+00

1.7137€=02
2.3044E=02
~8.5146E=02
1.68026-02
642996E=03
3.54455-03
-9.1028E-03
1.3245E~04%
4.8406E-02
=7.T111E-31

6.1563E-01
4., 1TR8E+QD
S 48 24E=01

1.1090F=01
1.3069E=01
642260E=02
2.0528E-02

2.4910E~-02 .

22414 TE~-02
=5.0546E~02
=1.16056=05

1.5411E~05

T+4T3ISE=02

RICCATI
=2.5322F400
9.4822E-01
3.1182E+00

9, 1321E=-03
2.2585E~02
3.1T42E~-02
1, T615E~02
6. 5438E=03
5+ L06BE-05
3.4366E=03
~6. 966BE~06
2.3018E-05
9. 75256-03

TIME =

D.11600€E+02

SOLUTION MATRIX

1. 6990E+00

2.1340E-01

1.9263E¢00 4.7 284E+D1
1.0375E+00 4.933TE=0L

G.98T9E-03
1. 3031E-03
6. T694E=-02
1. 6883E-03
5. 8403E-03
=-2.0216E~02
-2, 9020E-06
T.2655E=06
1.727BE=02

8.9607TE~D3
9.9832E-03
1.3053E-03
&6, TTOOE~03
1. 688 5E=03
5.8403E-03
~2,0216E-02
-249020E=-06
T.2655E=-06
1.7278E~02

8.9604E-03
9. 9791E-03
1. 3075E=03

3,2326E=-01 ~5.4075E-05
2.2286E~01 =6.T881E-0%
2.2669€-01 ~4.E985E-D5
&.5864E-02 ~3.2525E~05
-2.0214E-02 =2.9018E=06
2.0214E-01
1.1619E-05
~B.366TE-05 =4.9%312E-D%

—-4.6623E=-02 -1.0201E=-02

2.6437E=01 —1.8557E-05

3.2311E=01 =5.%C65E=05
2.2293E-01

2.26T1E=01 —4.6585E=-05
6.5869€=-02 -3,2525E-05
-2.,021¢E=02 =2,9018E-06
2.0214E-01

1.1619E=05
~B.3666E-05 —4.9912E-04
-4.6£228=02 -1.0301E-02

2.6436E=01 —1.B560E~-05
3,2298E=01 =5.4058E~05
2.2200E=01 =6.T282E-D4

8.1136E-~04%
2.0461E~03
7.5110E-04
5.8296E-24%
1.2607E~06

1.0942E=02
1.1665E=01

1.416TE=04%

8.1127E=04
wb,TEHZE~04 2.0461E-03 9.3489E-01L
7.510TE~D4

1.0989E-01
9, 3487TE~0L
8,0019E-02
3.11TTE=D2
1.7278E-02

1.1603E~05 =B.3351E~05 =4,6621E~02
2.8883E~05 ~4.9912E~04 -1.030LE-02

1.15665E~01
T.AT6TE2DO

8.2388E-02
1.09856-01

8.0026E-02

5.82956=04 3.11T79E~02

1.2606E=06
1.1603E=0% =8,3355E=05 ~4.6620E~02
2.8883E=05 =4.9912E=04 =1.0301E-02

1.0942E-02
1.1665E=01

1l.4171E-04%
A.1126E=0%
2.0461E-03

1.7278E=-02

1.1665E=01
T.3T6TECOD

8.23B0E-02
1.0981E=01
9,3491E-01
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l.6990E 420 1.9243E+00 1.03T5E+00 1.3379E+00 3.5852E=01
2:1340E-31  4,7284F-01 4.93366-01 3,5852E-01 1,3318E-31
8.5605E-03  9,97936-03 1.30756-03 6.7709E=03 1.6887E=03
2. 64367=01 3.2297E-01" 2.2300E~C1 2.26T3E~0] 6.5873E=02
=1.8%475-05 =5.3975E~05 =6.7882E-04 —4.6906E~05 =3,25]5E~-05
1. 411¢€E~94  8.0949F=04 2.0463E-03 7.4957E-04 5.82T8E-04
B.23935~32 1,0980E~-01 9.3490E-01 B8,0019E-12 3,1178E=02
KE, THE TRANSTENT #STIHMATE GAIN MATRI X
3.1879E=02 1.7133E=02 1.10896=01 S.l30TE=03
3.59606-02 Z.3035E-02 1.3064E-01 32.2573E-07
205520C=02 -8.5142E~02 6.228B8E-02 3,1 748E-02
2.8279E=~Q2 1.6B02E=02 9.05350-02 1.T6TTE=DZ
Fil9€€E=02 €.2998E~03 2.4912E=02 4.5442E~03
Lo4102E~04  2.5445E~03 2.41476=-02 5.107TE~-05
4. ETTHZ=03 =9,1027E~13 =5,05456=02" 3.4368E~03
=1.3240E=06 1,3245E~4 =1,1605E~05 =—6,9668E~06
24 2210E=C5 4.B406F=02 1,5412F=05 2.3018E-95
1. 8537E=13 =7.7111F~-91 7.4T3TE=02 9,7526E=03
' TIME = 0.11BODE+02
RICCATI SOLUTION MATRIX
2.6222E+401 6,1825E-01 ~2.532BE+00 1.698TE+00 2.1333E-01
6al824E=01 4,1B83T7E+00 9.4549E~01 1.923564+20 4,7265E=01
=2.5328E+30 G.4550E-31 3,1197E+00 1.0379E+00 4.9347E~D]
1.698TE+00  1.9235F+00 1,0379E+00 1.3380E+00 3.5855E-01
2o 133201 4. 7265E-01 4,9347E-01 3.5B855E=01 1.3319E-01
8.95935-03 9.9756E-03 1.30956-03 6.7714E-03 1.6888E-03
246433201 .2286E~-01 2.2308E-01 2.26T4E-01 6.5878BE=02
«1.85455=05 «5.3968E~05 ~6.TBRZE=04 «4.6907E=05 ~3.2515E=05
la4115E~04 R.0946E~04 2.0483E-03 T.4957E-Q4 S.82TBE-D&
B.2382E-92 1.09776-01 9.34926=-01 8.0024E-02 3.11806-02

KBy THE TRANSIENT ESTIMATE GAIN MATRIX

3.18T74F=02
3.9945E-32
2.5528F=27
2.8281E~02
£, 1972E-113
1. 4103E=04
4., 8780803
=1.3240E-08
2. 2210E~05
1.R538E=~03

3.62165401
6. 21 THE~D]
=2.5339F+)0

1. RSB 4E+D0 -

i.13228-01

1.7132E-02
Z2+3029E-02
=8.5138E~02
1.8804E=92
6.3003E-D3
3.5445E-03
=9,1725F=93
1.3245E~0D4
%« B4O6E-D2
~7.7T111E~01

6.2176E=01
4.187TE+DO
9.4306E=171
L.9229E+30
4,724RE=-91

l1.1088E-01
1.3059E=-01
6a2314E~02
G.0542E=-02
2. 491 4E~02
2.414TE=-D2
=5.05448=02
=1.1605E=05
1.5641 2e~05
T«4T3ITE-D2

RICCATI
~245339E+00
9+ 4305E=01
3,1210E+00
1.0383E+00
4.935TE=01

9.1268E-03
2.2562E=02
3.1T754E=02
Le 76T9E~02
6. 5446E=03
5.1085E~Q5
3.4371E-903
—6.966BE-06
2.3018€E~05
9. 752TE=03

TIME =

0.12000E+02

SOLUTION MATRIX

1.6984E+00
1. 9229E+00
1.0383E+00
1.3381F+00
3.5857E~01

2.1322€E-01
4.7 24RE~01
4.935TE~D1

3.585TE-D1 "

1.3319F=01

6. TTOGE~03
1. 6887TE~03
5. 8403E-03
»2.0216E~02
=2.902NE=06
T.265TE=06
lo 7T278E=02

8. 9594E=03
9. 9754€E-03
1.3095E=03
6. 771 1E=D3
1. 68BBE=03
5.8403E-03
~2.D216E=02
=2. 9020E-06
Te265TE=D6
1. 7278E-D2

8. 95T4E=-03
9. 9T21E=-03
l. 3113603
6, 7TT16E=03
L. 6889E=-03

2.2€673E=01
6.58T4E~0 ¢
=2.0216E=02
2.0214E=01
1.161%E=-D5
—B.3465E=05
=4+662 lE=-D2

2.6433E=01
3.2288E~01
222307E=0}
2.2675E=01
&.5879E=02
~2.0216E=02
2.0214E=01
1« 1619E=0D5
=8.3664E-05
=42 6620E=02

2.6427E-01
3,227¢6E=-01
2.2312E=01
2.26T6E=D1
4£.58083E~02

=4. ESBTE-O5
=3.252%E=05
-2.9018E=D6

1.1€03E=-05

2.8883E-05
=4.5512E~04
=1.0301E-02

=1.8567E~05
=5.4C51E-05
-6.71882E-04
=4.6588E-05
=3.252%E-05
~2.9C1%E=06

1.160ZE=05

2.8883E-05
=4.9012E~D4%
~1.0301E=D2

=1.8553E~D5
=5.4046E-05
=6. TEB3E=04
~4.558SE=-05
-1,2526E~05

7.5110E=04
5.8296E-04
7.2606E~06
=8,33%50E~-05
=4.991 2E~Q4
1.09426-02
1.1665E=01

1.4187E~04
B.1124E=-04
2.0461E-03
TaS112E=-04
5.829TE=04
Te2E12E-06
=8.3347E-Q5
=4.99L 2E=04
1.0942E-02
1.1665E=01

Lla4165E=04
8.1118E=04
2.0461E-0C3
T5109E=04
54 8296E=24

8.0028E~02
3.1180E-02
1.7278E=02
=4+6619E-02
=1.0301E~02
1.1665%E-01
T.376TE+00

" B.2372E=02
1.0977TE=QL
F.3493E=-01
8.0034E=02
3.1181E~02
1L.T278E-02

=%.6618E-02

=1.0301E~02
l.1665E-01
T.376TE+QD

B.2366E=D2
1.0974E=01
9.3495€E-01
8.0040E~02
3.11B3E-02
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6. TT19E~Q3
2.26THE=-D1
-4, 56908E~-05
T.495TE=0%
3.0028E-02

S.1208E=-03
2.2553E=-02
3.1T759E=102
1.7680E~02
£.5450E=-03
5.1092E-05
3. 4373E-03
—6e P66BE=06
2.3019E=05

F.O0574F=D3 S5.9724E-03 1.3113E-03
2.64275=01 3.227SE-01 2.2312E-0l
=1.8542€=05 =5,3963E~05 =64 TAB3E~04
L. 411 4E=04 B.0943E=-024 2.0463E=C3
8.2384E=02 1.09T4E=01 9.3494E-01
KEs THF TRANSTENT ESTIMATE GAIN MATRIX
3, 1868E-02 1.T1326-02 1.1085F~-01
3,9931F=02 2.3021E=-02 1.3055E=C1
2.5536E~N2 —8,5135E-02 £.23238E-02
2.0283E=02 1,6805E=-02 9.054%~02
£, 1977E=D3 £.3004E=-03 2.4915F=02
1e410%E=04 3.5445€=03% 2.4147E-02
4,B7B3E=03 =9, 1024E~03 —=5.,0543E-(2
=1.3240E-36 1.3245E-04% =1.160%=-05
2.22106=-25 4.B4D6E=02 1.5412E~0%
1.A5398=03 =7,T111E=01 7.4737E=02

9.752BE=03

1.6890E=03 5.8403E~03 =2.0216E-02 =2.5C18E~D&
6.5882E-02 =2.0216E-02
=3.2516E=-05 =
S5.B2TBE=04% Ta.2656E~06 =B.3663E-0% —4,9912E~04

3,118LE-02

T.2€06E=06 L1.72T7BE-02
1.1602E-05 =8.3350E=05 =4.6617E~02
?.A8AIE-05 =4,9912E-04 =1.0301E-02
1.09426~02 1.l665E-01
1.1665E=01 T.3T67E+00

2.0215E-01

2.9020F=06 1.1618E-035

1.T27DE=02 =4.6620E-0Z ~1.0301E-02
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1.2398E=-03

TSy SCALING TRANSFORMATION MATRIX ELEMENTS .
2,1105+00  2,.9%2E+3Q0  5.623FE+00 1. 64 TE+D0  1.64TE400  6,.905E=02  T.91l2F=01 £.274E=04 3.STTE-02  4.30BE+0D
1.835E40C  1.412E+00 7. T13E=-01 2. TLSE+00 2.TL5E+00  6,585E+01  S.7T13E400  5.204E03 L. 0B3E+02 1. 000E +00
REAL PART IMAGINARY PART ITER
C.52097685E+00 0.32431795E+00 12
C.52007605E4C0  ~0,32431T95E+00Q
=0.52007768E+00 0.32431684E+00 4
=C.5200TTABE+DD  ~0.32431684E+00
0.57386120E+00 D, 89368784500 6
0.6738£120E¢00 ~-0.B9368784E+00
—D.6T2H 6044 E 40D 0.89368755E+00 1
~0.6TIRG044E+00 ~0.89368755E+00
N.486583B8E+01 0. .3
=0, 486584038401 G,
~0.60440556F +01 0.79257D026E+01 &
~0.eN440556E4C1  ~0.T79257026E+01
0.60440561E+01 0,792%6955E+01 1
0.6044056LE+¢0]1 =0,79256955E+01
~C.400014A8E +¢2 0.30000950E+02 4
~D.400N01488F+02  =0,30000950F+02
0.40001465E+02 0.33000955E+02 4
C.40001461E402  =0,300009556+02
—0.95999240E+C2 0. 1
0.99999275E+02 o.
MODIFIED EIGENVECTOR MATRIX OF AAR )
1.7970E~32 =56.7253E~03 ~1,1331E~02 ~1.066TE=03 2.2864E«03 1.3054E=03 1,9611E~03 —4.5398E=06 =9,4035E=07 =2 .85656~07
=T+ 1646E-73  9.3256E-03 8.5885E-03 =9,40T1E~-03 ~1.1125E-02 =2.3434E=02 =1.5065E=02 2.C5B1E-04 -9.8583E=05 2.8565E=05
T.01688=04 =7,1737€=033 2.6196E-03 1.4015E~02 S5.4134E=02 1,535BE=01 ~1.7642E=01 =5,4352E=03 1.0238E=02 =2.85656«03
. =4.5725E=D3 =T.2093E=03 |.2862E=02 ~1.2532E~04 =1,3193E=02 ~2,4267E-02 —=3.0609E~03 2.1304E—=D4 =9.T869E~05 2.8767E=05
~4s 241 6E=)5 ~1.1088E-03 1.4361E-03 2.2687E-03 3.801TE-01 =~2.4335E-02 =-1.52996=-02 2.3260E=04 —9,22866-05 2.997BE=05
=4.75345=05 =1.,0919E=04 2.9784F~C4 4.68L1E-05 9.4484E=03 =6,1451E-02 =5,3591E=02 1.6133E«07 3.8BT13E=-07 2.2879E-08
6o 0L35E=35 4. 13T2E=05 ~2,4254F-04 2.3463E=04 =4,.5975E~02 7.9616E=01 =1.6313E=01 =1.8068E=D5 = 1. 0646E~05 =2.2879E=06
=9.40L1E-08 =2.1772E=07 5.9192E-07 9,81A2E=08 1.T605E—0N5 —1.0653E=04 =1.3029E~04 1.S423E=05 ~4.9487E=05 =1.6373E=-05
L 1950E=0T7 R.2742E=08 =4,8661E-DT7 4.56283E~07 =8.5665E=05 1.6T65E~03 =5.68526=05 B.6771E=04 2.4423E=-03 1.63735=03
=~E.BT75E-08 +4.07026=09 -8.4145E~C8 ~7.4553E-07 4.16RA3Ew04 ~0.6821E=03 1[.3621E~02 —1.0798E=01 ~T.L1663E~02 =1.63T3E=01
3.0653E-02 3.7627€=-03 -5.0038E~03 -B.8539E-03 1.0149E-03 ~7,6680E=05 2.1529E-04 7.0S12E~08 —4.9208:5=08 1.5885E=09
1.9822E-02 2.53206-02 1.62286-02 —~1,0750E=02 =9,.5110E~04 =1.6062E=03 =2,3734E=03 5.5135E-06 1.1944FE=06 3.596LE=07
1.1014E-02 1.0409E-02 1.16626-02 9.9688E-03 1.6243F=02 2.3228E-02 T.2207E=D4 =2.0726E=04 9.9099E=05 =2, 844 JE=05
=4.8920E~03 =9,7595E~03 4.4551E~03 =1.23056=03 ~3.6969E=03 2,9261E=03 4.B666E-04 4.0768E~06 —3,94T6E~08& —1.45365=06
— 1021 1F=33 =1.34045=03 =7,0445E=04 =7,5375E~04 3.76T4E=02 2,B309E=03 ~B.6602E=04 3.SCTTE=06 ~3,5854E=06 =1,3925E-06
~2.72950=02 =2,5536F~02 =2.8939=02 ~2.4655E-02 =1.1263E=02 =3,06326=01 =2.4831E=01 =1.8200E«03 =1.6716E=03 =1.8844E~03
<3 AlE6E=03 =3,5749E=03 -3,6620€-03 ~3.5488€~03 =5.0945E-03 2,9236E=02 —~1,0019€=02 ~9,8560E~05 ~1.11T6E=04 =1.0569E-04%
1.9000F 400  [.0000E+00 1.0030E+00 1.0000E+30 1.QC00F+00 1.0000E+00 1.,3000E+00 1.000CE+00 1.0000E+400 1.000CE+D0
~4.T3556=02 =4,4323Ew02 «5,16526-02 —4.1T4TE=02 ~T.B248E=02 =1, 091L1E=01 =2.3629E=03 4,6424E=02 T.0L36E=02 5.2044E=02
=T.681A8%=04 =7,2361E=04 =8,1607E=04 =6.9135E-04 «1.14T4E=03 =1.668BE=03 =4.2614E=05 =2,£562E~04& —4.6804E=05 =3.9802E~04
-3.37719E=03 6,7880E=04 =2,5353E=04 =9.0555E=06 =8,8275E~07 =2.84556=05 0, Q. g.



£

-1,97336-02
=T.BH19E-0%
-1,2173E-03
-3,16156=04
1.0140E=35
=1, SB93E=D¢
2.0N266E-048
-3, 2555E-09
-1.1756E-08
6. 6536E-02
9,0327E-03
1.0068E=-02
~4,0713E-03
~1.28608~93
-2.43756=02
-2, 5457E=03
1.02002+00
=4,2321E=-02
=6.5837E=-04

= T4 4020E=04
=1.0249E-03
=5, 2044E=04
=1.9626E=04
2.1161E~05
1. 4294E-05
4.2537E=08
2.8695E=08
1.3130E-08
~1.9866E-03
1.4958E=02
9.5351€=-023
=1.5958€-02
=1.4353E~73
=2.2453E-02
=3.4893€=-03
1.0020E+00
=-3.917TIE=-02
=£,58T4E=04

=1,2828E-03
=1.4038E-03
=9 .533BE~04%
=3, 23T4E=~04
1.7280E=05
=1,8090E-0%
3.4363E-08
-3,6833E=08
-9.1973E-08
1.3534E=-04
5.8020E~03
1.0364E-02
2,9115E-03
=12 1365603
=2.57T42E=-102
=3. 5939E=03
1.0000E+Q0
=4 40B4E-02
=T, 2056E=2%

8. 0348E=0%
=7.3980E=-04
2.418TE-Q%
=-2.TB21E-05
3.3272E-05
3. 7864E=-05
6, 7125E~08
1.5942E~08
1.8880E~08
=2.9952E~04
3.2357E=04
8.9238€-03
~8.8330E~03
=1.5645E=03
=2.0388E-92
=3.4341E-03
1.000CE+00
=3.5582E~-02
=6. L 340E=04%

=& 4063E=05
=2 1440E-04
=3.8943E~D5
=2.3154E~05
1.4245E-05
6.9315€=05
2.8990€=08
1.4 106E=-07
6.863BE-07
6,3905E~-04
2.297TE=D3
6.9701E-03
1.1731E=03
=3.,368TE~Q2
= T.6973E=03
=2.56971E=03
1.000D0E+00
=2.3736E=D2
=4, 6654E=04

THE CRDERED EIGENVALUES OF THE HAMILTONIAN MATRIX

THE ONES WITH NEGATIVE
ARS THE EIGENVALUES OF

REAL PARTS
(A-B&KC)

RES&L PART TMAGINARY PART
0.52007685E+00 0.,32431T7T95E+0Q0
0.5200 T6R5E +00 =0.32431T%5€+00
0.67386120E+CO 0.89368TF84E+00
0.6738€120E+C0 =0.89368784E+00
Q.486583R88E 401 Q.
0.60440561F401 0. 79256 955E+01
0.6044055LE401 ~0.T9256555E+01
C.4000 1461 E+02 0.30000955E+02
C.4000 14618402 —0.30000955£+02
0.99999275E+C2 Q.

~0.5200TTHBE +00 0.32431684E+00

=Q0,.5200TT6BE +00 =0.32431684E+00
=0.67386044E+00 0.89368755€E+00
~0.673686044E+00 =0, 89368T55E+00

~0.485658403E401 C.

~0.60440556E+01 0.T9257026E+01

=0.,60440556E¢01 =-0,7T9257026F+01

-0.40001408E+C 2 0,30020950E+02

~0.40001488E+02 =0.3C0000959E+ 02

-£.99999240€402 Q.

SSy MATRIX RICCATI SOLUTION FOR CCMTROL PROBLEM

2.9065E4+00
3. 5800F +30

3.5800E+00
T1:6643E+D0

2.044TE+00
4o T736E +00

2. 044TE+Q0 4.TTIGE+D0 4,181 %200

=523504E-01
“1:8421E=01
~5.0969E+00
=6 .6T56E~01

l.8434E202
—E. 90792 +00
=1+ 4269E=01

=1+4450E+20
=4 ,4998E=01
=1.1880FE¢01
=1.579BE+D0O

4. AT66E402
~2.06TTE+OL
~3.3281€E=-01

=1.1261E+Q0
=3.9T24E~01
=1.0407E+01
=1.4034E+00

3.89T6E+C2
=-1.B8008E+01
=2.9126E-01

=5.3504E-01
=1.4450E+00

=1 1261E+00

1. 0368E+00
1.3493E-01
2. 69TIECDD
3,991 8E~-01

=1.121BE+02

4o T2H6E+Q0
7. 8090E~02

=1.8421E-01
=4 o 4998 E=0 1
=3.9724E=01
1.3493E-01
1.437T8E~01
9.5328E-01
1.4093E-01
=~3,.88T4E+D1)
Lo &T84E+D0
2. 7581E~-02

2. 2019E-04
2a T494E=-D3
2, 1918E=-0%
lo 9430E~Q4
=4.1231E-D4
8.8453E-04
=8. B5S0&GE=0T
1+ 5984E=06
1. QT25E=04
42 4105E=04%4
1. 4757E=03
4a 6491E=D2
=1.9109E-02
~2.8508E-02
1.0000E+00
=2.0348E-02
8.4288E=0D1
=1.3372E~D2
-3, 0555E-04

=5, 0959E +(0
=1.1880E+01
=1.0407E+0D1]
2. 69TIE+DO
9.5328E-01
3,0529E%01
3.5302E+00
=1.0219E+D3
4e3206E+01
T.2586E=01

=1,7898E~D4
6.6339E=04
=1.6042E-04
=8.4456TE-05
~4,2602E=04
=5.8428E=-03
=8,T662E-07
=1.2313E-05
=6.1752E=05
=2.1915E-04
=T.6366E-04
=2.2228E~03
=1.6413E=-02¢
=8.0108E=03
1.0000E+0Q
1.4961£=01
9. T65TE=QZ
1.6017€=02
1. 8343E~04

=6.6T56E=01
=1.5798E+0C
=1.4034E4+00
3.9918E=01
1,4092E=01
3.5302E+00
5.2156E~01
=1.3575E+02
5.9101E+0Q
9. T624E=D2

=T.0507E=-10
«To4126E-08
=~T,0%84E=10
=T.2T84E=10
4.0186E=08
1. 7779E-06
[+
2+9458E-09
1.0B15E-D7
=1l.4768E-08
=4,9462E-08
«1.6323E-07
3.9433IE=-06
4.,2820E=006
~2+2318E-03
=6.7126E-05
1.0G00E +QQ
1.4001E~02
4.0014E=-09

L.B43SE+D2
4.3T66E+02
3.8976E¢02
=1.1218E4+0Q2
«3.08T4E+01
~1.0219E+03
~1.3576E+02
S.672TE+04
=8.585TE+Q2
=-2.71126E+01

1:5307E=09
4.007TE-08
1.5080E=09
1.3861E=-09
=5.68l8E~09
2.T833E-07
Q.
3.3459E~10
1.0171E=QF
5.1199€E-09
L-7363E=-0B
5.5122E=08
1.3965E=06
L.2658E=06
«=2.Q852E-03
=1.0364E=04
1.0000E4+00
3,8000E=-02
2.8001E~04

=B.9079E+D0
=2.06TTE+OL
=1.8008E+01
%-T266E+00
1.67TA4%E+00
4.3206€001
5.91CLE+QQ
=8.5958E +02
1.2534E402
1.3332E+00

~} . 05TBE~10
=1.0578E~08
~1,0504E~10
=1.01L34E=-10
7.9555E-09
Fo9555E=-07
0.
5.8154E=-10
5,8154E-08
=2, 7898E=09
~%.3342E~-09
=3.0867E~08
1.5137E-06
1.57T5E-06
=2.0899E-03
~8.9897E-05
1.0000E+00
3.2000E-02
%+ QQO0E-04

-1.426%E=01
=3.3281E-01
=2.9126E-01
T.8090E=02
2.7T581E~02
7.2585E~01
9.7624E=02
=~2.7126E+01
1:.3332E400
22351 FE=02
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THE CONTROL GAIN MATRIX

S.6ANZE=01 1.3261E+¢00 1.16156F+00 =3,1282E-01 =1.1035E=01 =2.B8910E+00 =3.B988E~p1
“6,6T56E=01 <~1.5TFIBE+D0 =1.4034E+00 3,9918E=01 1.4093€~01 3.5302E+00 5.2156E-01 ~1,.35T6E+02 S.910IE+400 9.7624E~02

1.0828E+02 ~5,0027€+00 -8.0913E~D2
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TRAMETENT RICCATI SOLUTION
e 0 e R skt o o oot o e oo e 0t el o o o A e s ol ol o g e o Atk

Ti¥E = D.12000E4+02
RICCATI SOLUTION MATRIX
1.0000E+00 O, 0. 0o 0.
. 1.0000E+20 Q. Q. 0.
s 0. 1.0000E+0D0 O 0.
3. Q. 0o 1.0G00E+00 0.
G. 0. Q. 0. 1.0000E+00
Ce 0. 0. [+ 0.
0. 0. 0. Qe D.
0. C. 0. C. 0.
Oe 0. LIS Q. 0.
[ 0. Qe Qe Qa
TIME = 0,11800E+02
RICCATI SOLUTION MATRIX
1o 2004E+20 2.2065E-01 1.96485«02 1.4515E=Q2 4.TBOGE=03
2.2065F=01 1.237RE+00 1.6827E-01 4.5281E=-02 1.4191E~02
Le9648E=02 1,6B27€~01 1.04L4E¢N0 1.0438E~01 8.9774E=-03
1.4515E=02 4. 52R2E-02 1.0438E=01 B8,3530E~01 2.7817E-D4
4 7836FE=03 1.4191F=02 B, 97T4E~03 2.7Bl8E=-04 2,2270E~01
~3.487EE=N2 =3,3721E-01 ~3.3284E+00 ~4.0699E=01 =8.358BE~02
=2.07788=03 -Z.3T42E-02 =3.,4008€-01 =2,.0507E=02 2.0232E~-D2
2o 2473E~31  6.4686E+00 9.5008E¢01 3.2802E+00 ~1.1064%+00
=1.0938E-01 ~B,7TH4TE=D1 =4,5197E+00 ~5,60LlDE~21 =7.4159E=02
~1e4190DE~D3 ~1,2135F=02 =7,2640E~02 ~7.5862E~23 =7.3582E=-04
KL, THE TRANSIENT CONTROL GAIN MATRIN
50459 26-33 4.67466=02 2.8931E~01 2.8995E~02 2.4939E-03
~2.0TTBE=)3 =2.3T426-22 ~3.4008E~0L -2.0B07€=02 2.0232E-03
TIME = 0.11600E+02
RICCATI SOLUTION MATRIX
1.4006E+30 4. TATGE-01 8.3287€~02 2,1263E~D2 1.5844E=02
42 TBTHE~D1  1.5510E+00 3,7493C-01 5.9034E-02 —1.1452E~04
Be32R8BE~02 3,T493F=-01 1.1200E+00 2. 0794E~01 =5.4063E=-02
2.1263E-02 5.9034F=02 1,0794E~01 7.1680E~01 1.8550€-03
1. 5B448=~03 =1.1461E=04% =5.4063E=02 1.8550E~03 1.Z234LE-Q1
=1.95526=C1 —9.717IE~0L —-2,9821F +00 -3,3508E~J1 1.1499E-01l
=1.7316E=02 «9.164TE~02 =3,9051E=01 =1.,2584E~02 2.9341E=-02
452688400 2,4BT76E+01 1.01B8L1E+02 4.531T7E+00 =6.4542E400
=4+ 1261E=01 =1.7B18E+]0 —4,86B5E¢00 -5,5955E-01 2.0749E-01
=50 926 6E=03 =2.6568FE=02 =T.8153E=02 ~T,TH8E3E~03 3.6966E-D3

KCy THE TRANSIENT CONYRM RATHN MaATDTWw

0o
Qs
[
0.
0.
1.0000E+00
Q.
0.
0.
0.

=3.4BT4E=-D2
~3.3721E=-01
=3.3284E400
=40 D6I9E-QL
-8.3588E-02
2. 8233E+01
1.9300E+00
=3.6275E+02
1.2717E+D1
2. 3285E=01

=9, 2464E-01
1.%300E+00

=1.9551E~01
=49, T1T3E-D1
~2.3821E+00
=3.3508E~0]
1. 1499E=01
1. 2519€:01
1. 0791E+00
=3.2516E+02
Lo 1314E+01
2. 0898E-01

0.
Ou
OI
0.
0.
0.
1.0000E+00
0.
0.
0.

=2,0776E=03
=2.3742E-D2
~3+4008E-D1
=2.0507TE=02
2.0231E=0Q32
1.9200E+D0
2.065TE~01
=3.5849FE+0]
1.3443E+00
2.3596E-02

=F.4475E-02
2.065TE=01

«1.7316E~02
=9, 164LE~D2
=3.%051E=01
~1.2584E=02
2.9341E=-02
1.079 1E+00
L.9592E-01
=4.0T45E+01
1.5585E+0C
2,TIN3IE~02

0.
L
0.
0.
OU
0.
0.
1.000CE+00
[+1Y
Q-

2.239BE~-01
5.4€85E+00
G- 5008E+01
3.2802E+00
=1.1064E+00
~3.6ZTSE+02
=-3.5B849E+0Q1L
2.SCSSE+04
4. DERSEHD2
~6.6028E+00

2.6393E+01
=3.5849E+01

4.526TE+QD
2a48BT6E+01L
1.C181E+02
42531HE+00
~6.4542E+00Q
~3.25817E+02
=4.0745E+01
2.5€25E+04
3.TE0TEHD2
=7.,0E17E+0Q0

1.0000E +90

~1.0936E~(1
-8, TTE&TE=D1
=4,5197€¢00
=5.6010E=01
=T+4159E=~02
1.27174+01
1.3443C+00
4.0665E4+02
6. T4O6E+0L
3.9409E-01

=1.25%56E+00
1:3443E400

=4,1060E=-01
=1.7818E+00
-4 ,8E85E+0C
=5.59595E=-01
2.0769E~01
1.1314E401
1.53585E+00
3.T60TE+02
6.8965€ +01
4.1852E=01

Q.
O.
0.
0.
09
OD
Q.
[+
0.
1.0000E+00

=1.4190E-03
-1.2135E-02
=T.2640E~02
=7.5862E=03
=T.3582E=04
2.3295E-01
223596E~02
~6.602BE400
3.9409E-01
8,295TE~03

=2.0179E-02
2.3596E~02

~5.9265E~03
~2.6568E~D2
=T7.8153E~02
=7.7863E~03
3.6966E-03
2.0898E-01
2. TLO3E-02
=T.2811E+QD
%.1852E=01
8,6823E=03
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24313TE-32  1.0416F=21 3.1113E=31 2.99856~02 =1.5019E=02
=1 736FE-02 ~0,164TE=N2 =3,9051E=01 —=1,2584€E=07 2.9341E-02
TIME = (.11400E+02
RICCATI SOLUTION MATRIX
1.59057+00 7.6B63E=01 1.BTBSE-01 1.7933E~J2 -4.R555FE-03
Te 6BAZE-D]1  1.9306E+00 6.219TE-01 4.1468E~02 =2,1998E~02
1. AT 6E=01  6,2198E=01 1.2414E+00 B.8549E~02 ~B.34B5E-02
1.72338=12 4.1468E=D2 RB.B8549E=02 6.36T7E~01 3.9032F-03
=4, 8556FE=73 «2,1998E=02 =~9.3485E-02 3.9032E~03 1.1236F-01
~4. T226E=0) =1 6311E400 =3.1247E+00 =3, 2605E~01 . 1.6901E-01
=4, A7T8C-02 ~1.7859FE=01 ~4,1023E-0]1 =1.5318E-02 3.4242F-02
1. 28315401 4, 7093F+01  1.1253E+02 3.3T13E+0Q «9.1742E+400
~B.05055=01 =2.R593F+00 =5.4010E +30 ~4.6508E~01 3.3492E~D1
=1.232775~02 =443814F=02 =R.6634E=02 =6,4039E~03 S5,7487£-013
KCy THE TRANSIENT CONTROL GAIN MATRIX
5.21868-02 1.72T8E=D1 3.4486F-01 2,4599E~02 =2.3192E-D2
=4, 87 T8[~J2 =1.T7859FE=01 ~4.1023E=-21 —1.5318F=02 3.4242E=-D2
TIME = 0.11200E+02
RICCATI SOLUTION MATRIX
1. T949C+0Q0 1.,0831E+00 3.29G5E-01 2.6609E~03 =1.5046E=-02
1.0831E400 2.3995E+400 9.1325E-01 =4.0TL7E~03 =4 ,8TRSE=-D2
3.29053~31 S.1326E~01 L1.4083E+400 4,7437E-02 ~1.0368E=01
2. B66105=03 =4,07T17E~03 4.7437E-02 5.8635E~01 T.0089E=03
=1.50468~02 =4.8TB5E~02 ~1.0368E~-01 7,0089E=03 1.1263E~01
=F,160F=31 ~2.3400E+00 ~3,551 TE+00 ~1.9845E-01 2.2785€=01
~0,3018F=02 =2.T443E~-0]1 +4.6301F=0] =2.6974E~03 4,.1034E=02
2.4T84E+3]  T.3495E+01 1.27&0E+902 ~-1.8893E~02 =1.1030€+01
~1.5E34%¢00 =4, 126 [E+00 =6. 12816400 —2,8045F=21 4.2240E=-01
-2.31685=02 =b.4136E-02 ~9,8284E-02 -3.51T8E~D3 T.15T3IE-D3
KCy THZ TRANSIENT CCONTROL GAIN MATRIX
941411702 2.953TOE-0] 3.9124E=01 1,3178E-02 =2,8804E-D2
=9,3018E=02 =2,T443F-01 =4,6301E=01 ~2.69T4E~0G3 4.1034E-02
TIME = 0.1L000E+02
RICCATI SDLUTION MATRIX
1,984 15 ¢00  144L32E+20 5.000376E-01 =2,4722E~02 =2.871L1E=D2
1.41328+003  2.9216E410 L1.24T9E+00 =7.3898E~02 ~T.9702E=-N2
5.000TF=01  1.24T9E+400  1.61466430 —1.4214E~C2 ~1.24T9E-01
=2.47226-12 =7.389BF=D2 =1.4213=02 5.6222E-01 1.25669€=02
=—2.87115~-02 =T7.97T026=02 =1.24T9 =0l 1.2669E-02 1l.1461E=~D1
=122630840) =3,189TE+00 =4.,03733C+00 —-3.678TE~D2 2.81TSE-OL
=1e4773%5~01 =3.8395E=01 =5.3188E-01 1.8154E~02 4.822RE=-02
C3.976TT+01 L.0403E¢02 1.46488+02 =5,5403FE¢00 —1.2982E+01
=2026592+00 ~5.5T84E 00 =T,0220F400 =1,1063E-02 5.1354£-01
~1.5128602 ~8.T4775=02 «~1.1267E-01 7.8829-~04 B.6280E-03

=8, 2043E«01
1.0791E+D0

=4, T225E-01
=1.6311E+00
=34 114TE+00
=34 2605E=01
1.6901€=-01
1. 2564E+01
L. 0720E4+00
=3.3375E+402
la 1947E+(1
2. 1837TE-01

=28, 6525E=-01
1.0720E+00

-8.3160€-01
=2.3408E+00
=3.5517€+00
=1.9845E-01
2.2785E-01
1.3586E+01
l. Z05BE+00
=3. 736878402
1.3839E+01
2.4884E=-01

-9.866TE=-01
1. 2Q38E+00

=1l. 2632E+00
~31.1697E+Q0
=4+ 0TIIE DO
~3.6TRBE=02
2. B1TSE=01
L.4902E+01
1.3803E+400
“4e 21B1E¢D2
1. 6097E+01
2.8520€E=01

~1.0848E~01
1.9592E-01

=4.87TBE-02
=1.7859€=01
-4.1022E=-01
=1.5318E-0D2
3.4242E=02
1.0T20E+0C
1.B629E-01
-4, 2055E401
1.6521E+00
2+849SE-DZ

=1l.1396E~01
1.8629E-01

-9,3018E-02
=2.T443E=01
-4, 630 1E=01
-2.6975E=-03
4,1934E=02
1.2058E+00
2.0248E-01
-4 ,6T89E+01
1,8B25E40¢C
3.2184E-02

=1.2862E-01
2.0248E=-01

~1.4770E~01
=3,8395E-01
=523 188E~01
1.8154E=02
4,8228E=-D2
1.3803E+00
2+2553E~01
=5.3115E+Q1
24 1806E+C0
3.6986E=-02

2.8282E+01
=4.07T45E+01

1.2831E+01
4.1C52E+01
1.1253E+02
3.3T14E+00
~% 4 1T42E+00
~3,3375E+02
~44,2C55E+Q1
3.057CE+D4%
3.2892E+02
~7.8312E+00

3.1261E+01
=4.2055F 421

2.4T84E+01
T.3495E401
1.2760E+02
~=1.882TE=02
=1.1C30E+01
=3.T28TE+N2
=4 .6T89E+01
3.1526E+04
2.6324E +02
~B.REZBE+DQ

3.544TE+01
~4.678%E+0]

3.97¢TE+DL
1.0403E+02
l.464EBE+02
~5.5403E+00

‘=1.26B2E+01

~4.2181E+02
~5.3115E+01L
3.3¢54E+04
1. 81408402
~1.C199E+01

=1.3525€+Q0U
1.5%585E+04

-8.8505E-01
=2.8593€E+00
“~5.,4010E+4+00
=4.6508E-01
3.34926~01
1.1947E+01
1.6524E+Q0
3.2892E402
T.1279E+01
4.55T1E~0OL

«1.5004E +30
1. 6E521E+00

~1.51332+00
“4.1261E+00
=-6.1281E+00
=-2,8046E=01
4.2240E-01
1.3839E+01
1.8825E +00
2.6224E402
T.4545E+01
5.06845E=01

=1.T024E+00
1.8B25E+00

~2.2659E +00
-5,5783F +00
=7.022CE+00
~1.LO&4E=02
5.13564E-01
1.6097E+01
2.1806E+00
1+8140E+02
T.8219E+01
5.6879E=01

=2.1711E=02
2. 7103E=-02

=1.3277E=02
~4a38l3E~02
=~8.6634E-072
=6.4040E~03
5.7487E-03
2.1837E~01
2.8499E=-02
~T.83L2E+D0
4.55TLE-O]
54 2T4BE=-0Q3

~2«406TE~Q2
2.B499E=-02

=-2.3168E-0D2
=6+4136E-D2
-9.8284€E=-02
=3.5178E-03
T«15TIE-03
24+4B884E-01
3.2184E-D2
-8.882BE+00
5.0645E-21
1.3088F=02

=2.7303£~02
3.21846=02

=-3.5125E=-02
=8.7T4T6E=D2
=-1.1267E-01
T.8828E-04%
8.6281E=03
2. 8520E~31
3.6986E=-02
=1l«0159E+01
5.6B79E-D1
1.1091E=02



8¢1

1.3803E+00

=1, 7466E+00
=4, A9ITE+QD
~4. 668 1E+00
1. 581 4E=01
3. 404 E~01
1. 63R1E+01
1.5T83E+0)
-4, THOHBE+Q2
1.B8668E+0Q1
3, 2666E=01

«l. 2968E+00
1.5783E+00

=24 2564E+00
=5, 0940E+00
~54 3243E+00
3, 8508E~01
4.0542E-01
L.BOLIE+D]
1. 7976E+0D
=543758E+02
2+ 1498E+01
3. T237E~D1

=1.4T91E+DD
1.79T7T6E+00

=2, TO6TE+00
=6 LLOHTE+DO
=h . 01 T4E +00
He3491E=-01
4. 1501E~01
1.9729E+01
2.M0301E +00

“{y THE TRANSIENT CONTROL GAIN MATRIX
1.3992F=01 1,466TE=D1 4.4853E-C1 =3,9485E=03 =3.,46656E=-02 —~1.1316E+00
=1.,67705=01 =3,8395E-01 =5.3183RE~01 1.8154F=02 4.8228E-02
TIME = 0.10800E+02
RICCATI SOLUTION MATRIX
2.1633540C 1.T7486FE+20 6.9232E-01 =6,3345E-02 -4.5248E-02
1.74B€2+30  3.4905E+00 1.6203E+00 =1.6564E-01 ~1.1485E~01
£,9232F=31 1.6203E+00 L1.B53E+00 —9.,2479E~02 ~1.4844E-01
~£.13455=02 =1.6564F~01 —9,2479E-02 5.,5890E-01 2.0283E-D2
~4, RI4RT=D2 =1,1485E=01 =1.4845€=-01 2.0283E-02 1.1698E-01
—1.T4EET D) ~4,0997E+00 ~4.6681LE+00 1.5814E=01 3,4041E-01
«2.1026%=71 =5.0737E-D1 ~6,115%C=31 4.4309E-02 S.6151E-02
G698 1T#31 L.3R22F+02 1.68556+02 =1.2763E+01 =1.51T8E+0]
=2, 1065741 ~ T, 1905E+00 =8,05855E+00 3.2727E=-01 &.1556E-01
=4.854%E=02 =1.1344E=01 =1.29338-01  6.2440E~03 L.0276E-02
KCy THE TRANSIENT CONTROL GAIN MATRIX
1.9233F=031 4.5712F=01 5.1497€=-91 =-2.5691E-02 -4.1238E-02
~2.1726F=31 =5,07376-01 =6.1155E-01 4.4309E-02 5,.,6151F-02
TIME = 0.10600E+02
RICCATI SOLUTION MATRIX
2.3286E470  2,07TT6E+20 B.9590E-01 -1.1131E-01 -6.3754E-02
2.77765 407 4.0856E+DD  2.313TE+00 —2,7616E-01 =1.5351E~01
B, 9590E=01 2,.0197TE+3N 2.11805+00 =1.83808=01 =1.7466E-01
=1.1131C-71 =2,7616E=01 =1.8380F~01 S5.71T78E8-01 2.9456E=02
~6.37545~02 =1,5751E=0]1 =1.7466E=-01 2.9456E=-02 1.1962E=01
—2.2564E +0C =5,09408+00 =5.3243F+30 3.8508E-01 4.0542E-01)
=2.7133%=31 ~A,4055E-N]1 =6 .99R9E-01 T.5027€-02 6.4935E-02
7545 +31 1,7514E#02 1.93085402 =2,1309E+0QL =1,T621E+01
-3,99017+00 =A,9L59E+40 =9, 1951E+€0  T,2003E~01 T.2846E=01
=A.27516=-02 —1,412TE=21 —1,4774E-01 1,2604E-D02 1.2102E-D2
Ky THFE TRANSIENT CONTROL GATIN MATRIX
2.4088FE=01 5,5108E~01 5.88386-01 -5.10606-92 -4,8520E-02
—2. T7T33N=01 =k, 4055E=D1 =5.9989E=01 T.5027E-02 6.4935E-02
TIME = 0.10400£+02
RICCATT SCLUTION MATRIX
?.4T61E420 2.3888C+20 1.1074E+00 ~1,6581E-01 -8,3145E~D2
2.3BAAF €10 4,6825F+00 2.4316F+00 ~4,0095F~01 -1.,9425E=01
1. 10045490 2,4314E+0)  2,39746F+00 =2.855TE~01 =2 ,.02T4E~D1
“1,45%310=01 =4,0095E~01 =2.8457E=01 5.973RE-Q1l 3.9A4KE-02
—8,314%3=92 —1,9425F=31 =2,0274E~D1 3.9845E-02 1.2246E=-01
=2 .TOETE+DID =5, LIGTE+I0 =6,91T4E+00  6,3491E-91 4.7501€-01
-3,4531F-21 =7,7R43E-01 =7.9367E~-01 1,0915E-01 7.4377E-02
O 4T AEI] 2.1344E402  2.1916E+02 —3.9812E%01 ~2.02408E201

~6.0223E+02

«1.4776E-01
2.25536=-01

=2.1026E=01
=5.073TE=0L
-6, 1158E=01
4.4 309E-02
5.6151E+02
1.5783E+00
2+5209E=01
-6.04T4E+D L
2.5248E+00
4,2538E=-02

=1.6989E-01
2.5209E~-01

=-2.7733E-01
=6.4055E-01
~6.3989E=01
7.502TE~02
6.4935E=-02
1. 7976E+QC
2.8163E-01
-6.83680E+01
2.9057TE+00
4.8692E-02

=1l.9%43E-01
2.8163E=-01

“~3.4531E-01
=T.7T843E=01]
=1.9367E~-01
1.0915€6-01
T+437 1E-02
2.0301E+0C
3.1311E=-01
=T.7434E+01

4 Q6G2E+D L ~1.9S0TE+00 =3.,.1299E-02

=543115E401

5.6581E+01
1.,3822E+02
1.¢R55E+02
~1.2763E+}]
=1.5178E+01
-4, TELBE )2
=6sC4T4E+D]
3.5£93E+04
8.6041E+01
=1,1738E+D1

4.6823E401]
=-6,04T4E+0O]

TaS494E+01
1.T514E+02
1.9208E+02
=241309€E+01
=1.7€21E+01
=-5.3758E+0 2
-6.0680E401
3.7572E+04
-1.9719€901
=1.3447E201

S.3638E401
=6 +B6B0E+01

9.4316E401
2.13445402
2.151&E+02
=3,0812E+31
-2.0248E+01
—6.0223E+02
=7 7434401

2.1806E+00

-3.1057E+00
~T.1905E+00
-8.0555%E+C0
3.2727E=-01
5.1556E=-01
l.B6EBE+Q]
2.5248E+00
8.6041E+01
8.27B6E+0L
6.40B1E~0]

-2.23T8E+00
2.524BE+00

=3,9901E+82
~8,9159E+00
=3,1851E+00
T.2C03E-01
T.2846E~01
2« 149BE+01
2.9057E+03
=1.9T719E+01
8. TT01E+01
T.2021E=01

=2.5544E+00
2.905TE+0D

-4,87SIE+00
=1.0EQLIE+0L
=1.0399E+01
1.1521E+20
8.4922E-01
2.4482E+ (1
3.3094E+00

3.56986E~02

~4,8549E~02
=1l.1344E-01
~1.2933E~01
5+2440E-03
1.02T6E-D2
3.2566E=01
4.2538E-02
~1.1738E401
6.4081E~-01
1.2252E-(}2

=3.,592%9E-02
4.2 538E-02

~ba2751E=02
=1.4127E~01
=1.4774E-01
1.2604E=02
1.21028-02
3723701
4,86926-02
=1.3447E+01
T.2021E=-01
1.3535E-02

=4 ,10438+02
44, 8692E-02

=-7.T008BE=D2
-1.,6996E=01
=1.6721e=-01
1.96186-02
1.405TE-02
442065601
5.5223E=02

4.64CTE+04 ~1.3196E432 =1.5263E+01
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=4.BTS0S+00 ~1.0691E401 ~1.0399E+01L
“7.7008F=02 ~1.6936E=01 -1.6721E=-01

Ly "
3.0570E~-01

6.7550E=01

1.1521E+00
1. 961 8BE=-02

THE TRANSIENT CONTROL GAIN MATRIY

B.4922E~01
1.405TE~Q2

6.6604E-01 =T.9053E-02 =5,6321E~ND2

~244531E=01 ~7.7A43E~01 =7.9357E~01 1.0915E~01 7T.43TTE~D2
TIME = O0.10200E+02
RICCATI SOLUTIAON MATRIX
2.6028E400 2.6TLEE+D0 1.2961F+00 ~2,23586-01 ~1.0233E~01
226716400 S5.2567TE+00 2.8391F+00 =5,3438E6~01 =Z.353TE~01
1. 2961€400 2.8391E+00 2.6810F+00 =-3.9081E=01 =2,3162F=01
=2.2358E=-D01 ~5.3438E-0]1 -3.9081E=01 6,3135E-01 6,.1019E~02
=1,0233E-01 ~2.3537€-01 =2,31620-01 5.1019E=02 1,2543E=01
~ 24 2533400 ~T7.1269F 400 =56.7194E+00 8.9754E~01 5.4649E=-01
=4 I0T9E-01 ~9,1545E-01 =B8.8910E~D01 1.4525E~01 H.4117E-02
1,1249E402  2,5155E4072 2.4573E+02 ~4.0084E401 =2.296184+01
=5 TIBAEH00 = 1.24430 421 ~1.161TE+0]  1.6068E+00 9,.7324E-01
=9.0637F~02 ~1.9834E~01 -1.8695E~-01 2.70L0F~02 1.6068E~02
KCy THE TRANSTENT CONTROL GAIN MATRIX
3.6094E-01 T.BBT0E~01 7.4479E-01 -1.0857E-01 =6.4344E~02
=4,1079€=-01 ~9,15456-01 -8, 8910E=01 1.4525E-01 8.4117E-072
TIME = (.10000E+02
. RICCATI SOLUTION MATRIX
2 TOTIE 40D 2.9182E+00 1.4T45E+00 =2.8124E-01 ~1.2035E-01
2.91B2E+00 S5.TESTE+00 3.2254E400 ~6.7T030E=-21 ~2.T514E-01
La 47456+00 2,22%4E+00 2.9565E+00 =4.9832E=-01 =2.6011E=~01
~EeB124E=7]1 ~6.TOINE-D1 ~%.9032E-01 6.TI55E-Q01 6.2504E=02
—1e2035€=01 =~2.7514E=-01 =2.6011E-01 6.2504E=02 1.2839E=D1
=2.69615+00 —-8,0832E+00 -7.4007E+00 1.1628E+00 6,1690F=0D1
=4+ TO91E=01 =1.0460E+00 =9 .R216E~01 1.8189E-01 9.3754E~D2
1.2922E+02 2.87T91E402 2.7166E+402 =5.1117E+01 =2.564BE+01
=6 G4BT 4EHR0 ~1a4102640] =1.2T99E+01 2.0663E+00 1.0954E400
=1.0306E=D1 =2.2523E~0] -2.06)2F=-01 3,4488E-02 1.BOSLE~D2
KCy THE TRANSIENT CONTROL GAIN MATRIX
4.09626=-01 8.9603E-01 8.2131E~01 ~1.3843E-01 =-7,2258€=02
=4, TO91F~01 =1.0460E+00 ~9.82L 6E=01 1.8189E-01 9.3754E~02
TIME = 0.98000E+01
RICCATI SCLUTION MATRIX
2.78885+00 3.1241E+00 1.6298E+400 =3,3583E-01 ~1.3646E~D1
3a1241FE 400  6,252TE+00 3.5765€+00 ~8,026TE-01 =3.1199F =01
1.6298E400 3,5T65E+00 3.213CE+30 ~6.0296E=31 =2,8706E=~01
=2,35835~01 ~8.0268£~01 —6.0296E~01 7.1490E~-01 7T.3834E-D2
=1s364EE=C] ~3.1199E=01 «2.,8T06E=QL 7,3B836E=-02 1.3124F-01

2.4482E+01
4, 2065E=-01

=l 6TLEE+DD
2<0301E+00

=3, 2533E+0D
=T s 126FE400
~G. TL94E+00
B.97S4E=-01
5. 464BE~01
Ze 146BE+01
20 2664E+00
“bs 580DE+Q2
2. TH99E+Q1
4.6952E-D1

=1.8666E+00
24 2664E+00

=3. 6951E+00
-8.0832E+00
=T 400TE+DO
1.1628E+00
6. 1690E-01
2. 3153E+01
24 4966E4+00
~T«3213E402
3.0422E+01
5. 1695E=-01

=2+ D559E +00
2+ 4966E Q0

=4.0806E+0D0
=B+ 9506E+00
=B.0344E+0D
1. 4205E+00
6.8342E=01

3.3094E+0C
5.5223E-02

=2.2048E=01
3.1311E=-01

~4,1079E~-01]
=%, 1545E~01
-B.8910E-01
1.4525E-~01
B8.4117E-02
2. 2E64E4QC
3.4525%E=01
~8.6381E401
3.T194E+00
6.186TE~D2

=~2.4699E~-D1
3.4525E-01

~4.7091E-0 |
=1.0459E+00
-9, 8216601
1.8189E~01
9.3754E=-02
2.4966E 400
3.7669E-01
“9.5146E¢01
4. 1186EHD0
6.8345E-02

~2.T284E-01
3.T669E~01

~5.2355E=01
~1.1&51E+0C
~1.0€692£400
2.1764E=01
1.0290E=01

=1.319€E+02
=1.5263E401

6. 0EE83E+01
=T7.T1434E+01

1. 1249E+02
2.5155E+402
2.4573E+02
=4.0BB4E+01
=2.2561E+01
=6.£800E+02
=B.E381E+01
4.2890E+04
«“2.4610E402
-1.7T112E+01

6.8263E+01
—-B.E381E+01

1.2922E+02
2.,8791E+402
2.7166E+02
=5.1117E+01
-2.5648E+01
-7.3213E+02
-G, 5146E401
4.5341E+04
~3,5735E+02
-1.8617E+01

T.546TE+01
=~F.5146E+01

L.4389€+072
3.2113E402
2.9592€+02
=6.1113E+0Q1
~2.8200E+01}

9.2882E+01
8.0403E-01

=2.888TE+)0
3.3094E4+00

=5.T184E+00
=1.2443E+01
=1.1&6L7E+0L
1.5068E+50
9.TI24E-01
2.T499E+01
3.T194E+00
-2.46106+02
9.8118E+01
8.8885E~01

=3.22T2E+00
3.7194E+00

=6.4854E+00
=1.4102E+01
=1.2799E+Q1
2.0663E+00
1.0954E+00
3.0422E+01
4.1186E+00
~3.5T35E+Q2
1.03219€ +02
9.7T112E-01

=3.5555E+00
4.1186E+00

=1.1512E+00
=1.5605E+01
«1.3898E+01
2+.95128E+00
1.2107E+00

8.0403E-01
1.489LE=-02

=4 645 2E-02
5.5223E-02

=9.0637E-02
=1.9834E-01
=1l.8695E=-01
2. 701 QE=D2
1.6069E~02
4.56952E-01
6,186TE~02
=L.T112E+01
8.3885E~01
l.6265€E~02

=5.1935E~02
6.1867E=02

~1l.0306E-01
-2,2523E~01
-2.0612E~01
3.4488E=02
1.8051E~02
5.1695E=-01
6.8345E~02
=1.8917E+01
9.T112E-01
1.76GC0E~D2

-5,7261E~02
5.8345e~02

=1.1387E-01
“2.4966E-01
=-2,2398E=01
4. 1T65E~02
1.9%26E-02
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=4,0RIEF+)] =B.9508E+00 ~8.0344E+00
~5.2355F~01 =1.16516+400 ~1,0692E+00 2.1764€-71

1.438QE402

Cy
4,527TE-D1

2.3495C+00
3. 28840400
1. 7590F (10
=3. 8505501
=-1.5319E=-11
~443595E 400
-5.6755E~-01
1.561TE4DE
=7.7030£+00
-1.22A€E=21

“Cy
4, B864E=-01
=5, ETH5E~01

2-8918C+20
3.4133E200
1.861 45 +00
=4,2T44E-01
-1.6136£=01
~446S1TF D0
=£.N265E=21
l.a6509%4232
—8.13958+00
~1.2998E~D1

KCy
5. 1709F=-01

3.2113E+22

G.93556=-01

3.2B84E+00
6.664TRE+OQ
3,.8823E+00
=9,2631E-01
~3.44T3E-QL
~9,T046E+00C
=1.26%3E+00
3.50256+02
=1.6911E+D ]
=2, 7093E=01

1.4205E+00

6.B8342E~01
1.0292E~01

2.95930+02 =6,1113E+3]1 -2.8200E+01
=T,315125400 «1.,5605F+01 ~1.3898E+71
=1.1387E~01 =2.496AE~-01 -2,2398C-01

2+512BE+00
4e1TH5E~D2

THE TRANSIENT CONTROL GAIN MATRIX

1.210TE+00
1.9926E-02

B.G258E~01 ~1.6T50E~01 ~7.9744E-02
—5a2355E=01 ~1.16515400 =1.0892E+00 2.1764E-01

RICCATI

1. 7594400
3,8823C4+00
3. 4422E4#00
=TaD105E-D1
~3.1152E=01
=R.5994E 00
=1, 4TIE+(O
3.1771E+02
=1 .487TE+Q]
~2.3992E=01

TIME =

0.

1.0290E~01

95000E+C1L

SCLUTION MATRIX

=3.,8505E-01
=-%,2631E=-71
~7+0105E~31
7. 5897E-~01
8.4602E-02
1.661TE+ID
2.5124E=-01
~7.0518E+01
24 9308BE+00
4, B585E-02

THE TRANSIENT CONTROL GAIN MATRIX

1.0785E400 9,5624E=01 ~1.9475E-01
=1.2693E400 ~1.1471E+D0 2.5124E-Q1

3.4133E+07Q
6.9682F +00
4.137TBE+00
=1.0374E+Q0
-1, 7265E=01
=1.02333E+01
=1.356TE+IO
3.T4T2E+02
~1.8001E+01
=-2.88T0E=~N]

1. 1495E4+00

RICCATI
1l.8614€+20
4.1378E+30
3. 63R6F +00
=7.8978€=-01
=3.3284E-01
-9.0830E+00
~1.2142E+00

3.3648E+C2
~1.5715E+C1
~2+08358E~01

1.01038E+DD

TIME =

G

=-1.5019E~01
=3.4473E=01
—3.1152E=-0D1
8.4602E-02
1.3386E-D1
T.43T1E-01
1.1123€-01
=3.052T7t+01
1.3153E+D0
2.1627€~-02

-2.6539E~D2
1.1123E-01L

94000E+01

SOLUTION MATRIX
=4,2T744E~Q] =1.61386E~01

=1.0374E+30
=-7.897BE~D1L
8.0177E=01
. 44T1IE-D2
1.87T956E+30
2.8171E~Q1
~7.9058E4+01
3.3084E+20
G4 752E=02

THE TRANESIENT CONTROL GAIN MATRIX

=2.1940E~01

-6,02655=01 =1,356TE+D0 =1.2142E+400 2.8171E-01

2. 91882 +20
A, 5034 +00

3.5034E+00

TIME =

C.

=3.7265E~01
=3.3284E-01
9.44T1E=02
1.3618E=01
T.9620E~01
1.1851E-01
=3.2565E+01
1.4063E+00
2.3L10E-02

~0.2463E~D2
1.1851E-01

9Z000E+D1

RICCATI SOLUTIDN MATRIX
1.9380E+00 —4,6239 =01 ~1.7004E-01
TL2LT3F+00  4.3427E400 ~1.1336E400 ~3,9553E-01

2.4T18E+01
2. TALAE+DD
“7.9206E+02
3.3136E+01
5.6104E~01

=24 2319E+00
2.T114E+0D

~&44 39958 +00
-9, TO46E+DO
-8, 5994E +00
1. 6618E+00
T.4371E~01
2.6111E+01L
2.9037E+00
~-8.45T8E+02
3.5552£+01
6.,00356~01

~2.3889€E+00
2.903TE+00

~4, 6S1LTEROQ
=1.0333E+01
=9.0830€ 10
L. B7S6E+00
T+ 9620E~01
2. T302E+01
3.0689E+00
-8.91983E+02
3.7616E+01
654 339BE=-01

=2.5233E400

3. 06B9E+00

-4 . 841 BE+00
=1.0836E+0]

2. T114E+00
4.0619E-01
~1.0338E+02
4.4912E+00
T.4398E-02

=2.9TG1E-01
4.0619E-01

=5.6755E«01
=1.2693E+00
~1.14T1E+CO
2.5124E-01
1.1123E-01
2.9037E+00
4.3273E-01
=1.1078E+02
4. 82468400
1.9823E~D2

=3.1867E~-01
4,3273E=-01

-65.0265E=-01
=1.3567E+00
~1.214ZE40C
2.8171E=01
1.1851E-01
3.068GE400
445566E-01
=1.1720E+D2
5. 11GSE+0C
B.4489E-D2

=3.37326-01

4+5066E~01

=-5.29356-01
=1.42TZE+DO

=7.%206E+02
=1.023BE%D2

4,TE3TEDA
=4.6128E+02
=2.06C6E+0]

8.,2209E+01
~1.0238E402

1.5617E+DZ
3.5C25E+02
3. 1771E+0Q2
=-7.051B8E+01
=3.052TE+01
=B.457RE+02Z
=1.1079E+02
4.97CBE +04
-5.5440E+02
=2.212ZE+D1

8.8261E+01
=1.1079E+02

1.,659%E+02
3.74726+02
3.3648E40D2
~T.3C58E+01
=3,2565E4+01
-B8,5198E+02
=1.1720E+02
S+ 15026404
—6.344BE+D2
=2.342T7E+01

9.3474E+D1

=1.1720E+02

1.7348E+02
3.9448E+02

3.3136E+01
4449126400
-4,6128E+02
1.0T90E +02
1.0478E +00

-3,.8607C+00
4,451 2E+00

=7.TO3CE+00
“1.6911E+01
=1.,487TE+01
2.9308E +00
1.3153E+00
3.5552E+01
4.8256E+00
~5,54408€ +02
1.1208E+D2
1.1157E+00

~441329E+00
4. 82465 +00

=~B.1395E+00
=1.8001E+01
=-1.5T15E+01
3.3084E+0Q
1.4063E+00
3. TEL6E+QL
5.1109E+00
=5.3448E+02
1.1%66E4+02
1.1740E+Q0

~44365TE+00

5.1109+00

—-8.4683E+00
~1.8872E+01

Se.61046=01
T.4398E=-02
~2.0606E+01
1.04T6E+DO
1.88428=-02

-5.2221E-02
T«%398E=-02

=1.2286E~01
=2.T093E=-01
=2.3992E~01
4.8585E=-02
2.1627E-Q2
6.0035E~01
T.9823E-02
=2.2122E+01
1.115TE+00
1.9951E~02

=5 .6649E=02
T.9823E-02

~1.2998E~01
-2.BBTCE-QL
~2.5358E-Q1
5.4752E-02
2.3110E-02
64.3398E-01
Ba4489E~D2
=2.3427E+Q1
1.174CE+DD
2.09Q1E-02

«~T.0443E=02

8.4489E-~02

-1.3535£-01
=-3,0293t-01
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1.9388E+00

4,342TE+10

=4,6239E=01 ~1.1336E+00

=1l.7004E=01
=~ 4. 841RE400
=6,2935E=01

1.7348C+02
~B. 46825400
~1.3535E=-01

K,
£.3859E=-01

“3.9553E«01
=1.0836E+01
=1.4272C+00

3.9448F+02
=1.8872€+)1
=3.0293F=01

1.2064E+00

3.8003E400 =~B.6733E-01 =3.5072E~01

=8.6733E=01
=3.5072E=01
=9.4B03E+0Q
=1.259TE+00

3.5202E+02
~1.6404E+01
~2.6482E-C1

L.0S5TE+DD

THE TRANSIENT CONTROL GAIN MATRIX

=6,29352=01 =1,42T2E+D00 ~1.2697E+00 3, 0843E=-01

2.934 1E+00
3. 5645E+00
1. 9943E+00
=4,900 101
=1.7646E~0D1
-4 ,97TIE+00
~6.4864E-01
1., 7830E+02
=8, TOILE+QO
=1. 392 1E=D1

3,564 5E+00
7.4025E +00
4.5003E+00
~1.2142E+00
-4.13576=91
-1.1223E+01
~1.4818E+00
4.09B0E+02
-1.9540E+J1
~3,1389E-01

RICCATI
1.9943€+0Q¢
4.5003E+00
3.9282€+00
-9 ,3295€~-01
~3,.,6518E~01
=9.TI39E+00
=1.3138E+NQ

3.643BE+02
=~1.694TE*+01
~=2.737T0E=-0Q1

KCy THE TRANSIENT CONTROL GAIN MATRIX

5.5401E=01

1.2502E +0Q0

1.091 2E 00

-6, 486 45~01 ~1.481AE+00 ~1.3138E+00 3.3111E-01

2. 9409E+Q0
3, 6027E+QD
2.0317E+00
~5.1089E-01
"=1.829TE=01
~5.0690E+00
=b.6177E-01
1L.B260E+02
=8,B8409E+N0O -
=1.4181E-01

3.602TE400
T.5342E+00
4.6166E 400
~1.2T95E+DD
=4,2T24E~01

=1.1506E+D1.

=1.5222E4+00

4.21198+02
~2.0032E+01
-3,2196E=-01

RICCATI
2.031 TE+D0
4.6166E+00
4.0 2538400
-3.,8676E~01
-3.7636E-01
=1.00326+01
~1.34T4E+00

34 T3BAE+02
=1.7T359E+01
=2.8045E-01

KCy THE TRANSIENT CCNTROL GAIN MATRIX

5.64415-01

1.2825E+00

1.L182E+00

=6.61TTE=01 =1.,5222E+00 =1.34T4E+00 _3.4978E=01

Be4182E~01 1.0322E~01
1.0322E~-01 1.3815E-01
2.0698E+00 8.4014E=01
3.0843E=01 1.24865E-01
-8,6552E+01 =3.4283E401
3.63THE+00 1.4824E+00
6,0L41E-D2 2.4353E=02
=2.4094E~01 =9.7431E=02
1.2465E=01

TIME = 0.90000F+0),

SOLUTION MATRIX

=4, 9001E=01 ~1.T646E~01
=1.2142E+00 =4.1357€=01
«G.3295E~01 -3.65158=01
8.7BL1E~-01 1.LO73E-01
1.1073E=01 1.3978€=D1
2.2304E¢30 B8,T552E-01
3.3L11E-01 1.2962E~01
~9.2922E+01 ~3.56TTE+01
3.91626+400 1.543TE+D0
6,4699E=02 2.5356E-D2
S2.591TE=01 -1.0144E-01
1.2962E=01

TIME = D.B8000F+01

SOLUTION MATRIX

-5,1089E-01 -1.8Q097E-01
~1.2795E400 =4,2724E-01
-9, A6T6E=01 -3.7636E=01
9.1007E-01 1.1T00E=01
1.1700E-01 1.4107E=01
2.361BE+00 9.0295E=01
3.4978E~01  1.3349E=01
-~9.B8170E+01 =3,6T66E+DL
4. 1440E¢00 1,5912E+00
6.B436E-02 2.5134E-02
=2.74126-01 =1.0455E=01
1.33496=01

TIME = D.86000E+01

~2.4803E+00
2.0698E+00
B.4014€E-01
2.B278E+01
3.2052E+00
“~9.,3015E+02
3.9307E+01
6. 6160E~Q1

~2.6336E+00
3. 2052E+00

-4, 9TTTE+00
L. 1223E+D1
-9, 7T939E+00
2+ 2304E+00
8.7552E-01
2.904TE+CL
3,3133E+00
=3, 604TE+02
4,0840E+D1
6,.8339E=01

=2.T207TE+GO0
3.3133E+400

-5, 069 0E +00
-l. 1506E+01
~1.0031E+01
2. 361BE+00
9.02956-01
2.9628E+01
3,3956E+00
~9,8360E+02
4, 1646E+01
6. 9989E-01

=2+ TB6TE+DQ
3.3956E+00

~L.2697E+20
3.0843E=01
1.24€5E=01
3.2052E400
4e T469E=01
=1.2253E+02
S.34TLE+00
8.8345F=02

=3.5273E-01
4. THESE=D 1

=6.4864E=01
=1.481BE+0C
=1.3138E+D0
3.3111E~-01
1.29€26-01
3.3133E+400
4,898TE-O1
=L.2679E+D2
5.5344E+00C
9.1408E=02

=3.6497E~01

4,8987E-01

=6.61TTE=01]
=1.5222E+00
=1.34T4E+0C
3.4978E-01
1.3349E-01
3.3956E+00
5.0153E-01
=1.3006E+02
5.6T6SE+QL
9.3T45E=02

=3.7432E-01
5.0153E=-01

3.5202E+02
~8.£552E+01
~3.4283E+01
=9.3C15E+02

‘=1.2253E+402

5.2594E+04
=T.0C64E+02
=2.450TE+01

9.7790E+01
=1.2253E+02

1. 7890E+02
% .0980E+02
3.6438E4+02
=9.2622E+01
=3.56TTE+D1
~Q,604TE+D 2
~1.267TSE+02
5.4189E¢04
~T.53LTE+D2
—245366E+01

1.0123E+02
=1.24679E +( 2

1.8260E£4+02
44 2119E+#0 2
3.7384E402
=9.8170E+01
=3.6766E+01
~9.83L0E+02
=1.2006E+02
5.5109E+04
~T.9324E+02
—2.£022E+01

-1.6404E+01
3.63T8E +00
1.4 B24E +00
3.9307E+01
5.34T1E+00

~7.0064E+02
1. 1859 +02
1.2219E400

~4.55TOE+0Q

5.3471E+00

=8.7031E+00
= 1.9540E+C1
=1.6947E+01
3.9142E+00
1.543TE+0Q
4.0640E+01
5. 5344E +00
~T.53LTE+02
1.2090C+02
1. 2596E+00

=4, TOTSE+QD
545344E400

~8.8609E+00
=2.00328+01
=1.T359E+71
4al440E+00
1.591L2E+00
4.1646E+01
5.6T6SE+D0
—~T.9324E+02

1.2264E+02"

L.Z2882E+0QQ

-2 6482E=01
6.01l41E~-02
2% 353E~02
5.6160E-01
8.8345E~02

=-2.4507€+01
1.22LSE+QD
2.1682E~02

~T.3566E=02
8.8345E-02

=1.3921E-01
=3.1389E=01
~2.7370E-01
6.4699E=-02
2.5356E=-02
6.8339E-01
9.140BE-02
~2.5366E+01]
1.2596E+00
2.2299E-02

=7.6034E-02
9.1408E=02

~1.4181E=01
-3,2196E-01
=2.8045E~01
6.8436E-02
2.6134E-02
6.9989E-01
Gu3T45E=02
-2.6022E+01
1l.2882E+00
2.2T68E-02

1.0285E+02 =4,.08222E+00 -7.7909E-02

=1.3CO6E+02

S5.6T&IE+00

2.3745E=-02
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22941 9E+00
1, 6238E400

3.6238E+00
T.6228E+00

RICCATI
2.0551E+00
4 698 4E+00

2.0551F +QC 4.6984E+00 4+ 0960E+00

=-5,2594E-01
=1.8393E-01
-t,12556+00
-4.T037E=D1

1. 8495E+02
-8.95855+00
=1.4343E=01

%G, THE TRANSTENT CONTROL

5.7T090E-01

-1.3309€+00
=4,3719E~-01
=-1.1TQSE+D1
-1.5510E+00

4.2929E+02
=2.03T76E+01
=3.2764E-01

1.3052€E+00

~1.0296E+00
«3,B47T3E-0L
—1.0204E+01
-1.,37T21E+400

3.807TTE+02
=1.TE5TE+QL
—2.85356=-01

1.1379E+00

—6e TO0TE~D]1 =1.5510E+00 —1.3721E+00

2+9393E+00
3., 6330E+00Q
2.06B0E +00
-5,36LTE-0]
=1.85T1E=-01
=5.1504E+00
-6, 7475601
1.8628E+02
-9,0118E+400¢
=1.44328-01

KCs THE TRANSTENT CONTROL

5.T7448E-01
-6.T4756=01

3.6330E+400
T.6784E+00
4.TS530E+30
- 1.37T02E+00
=4,.,4410E=-01
=1.1837E+)1
=1,5703E+00
4,34T6E+02
-2.0605E+31
=3.3142E-01

1.3204E+00
=1.5703E+00

RICCATI
2.0680E+00
%4 .T530E+00
4+1449E400
-1.0626E4+00
~3.,90726-01
=-1.0323E+01
=1.3892E+00

3,8562E+02
~1.7853E+01
-2.8875E-01

GAIN MATRIX

1.1515E+00
~1.3852E+00

RICCAT1

2.9349E+030  3.6342E+00 2.07356+00

3. 634 2E +00

7.7100E +00}

4, TA6BE+00

Z.07TASE+D0  4.TB6BE+DO 4, 1769E+00

-5, 4260E=01
-1.08663E=01
~5,1694E430
~6.76896=-01

1.8690E+02
=9, 0340E 10
=1, 44T0E-T1

KCy THE TRANEIL

5,760 2E-01

-1,3992E +)0
wb,4R04E~01
-1.1919€+01
=1.5824E+00

4.3821E+02
=2.07T45E+)1
~3,3376E-01

-1.0872E+C0
-3.,9480E~01
-1.04D0E+01
=1.4006E+00

3.8883E+02
=1.7997E+01
-2 .9096E~01

SOLUTION MATRIX

GAIN MATRIX

ENT CONTROL GAIN MATRIX

1.3298BE+00 1.1602E+00 -3,0204E=01
~f.T6EAGE=01 =1.5824E4+00 ~1.4006€ +00

-5,2594E-01 =1.8393E-01
-1.33096+00 -4.3719E-01
~1,0296E400 ~3.84T3E-01
9.3751E-01 1.2207E-01
1.2207€=-01 1.4205E-01
2.4562E400 9.2337E-01
3.66468E-01 1.3641E-01
-1.0237E+02 =3.T585E+01
4.324BE¢00  1.626b6E+0D
7.1407E=32 2.6T15E-02
~2.860LE=01 —l.06BBE-O01
3,6468E=01 1.3641E-01
TIME = 0,84000E+01
SOLUTION MATRIX
5,361 TE~0L =1.85T1F-0L
«1.3TOZE+00 =&4.44L0E-0L
~1.0626E+00 =3.9072E=01
9,6065E-01 1.2607E=0L
1. 260TE=01 1.4278E-01
2.5465E+00 9.3794E-01
3, 7623E-01 1.3850E-01
-1.0563E+02 =3.8176E+01
4.4639E+00 1.6519E+00
7.3699E=02 2.T131E-02
-2.9519E=-01 —1.0854E-01
3,7623E-01 1,3850E-01
TIME = 0.82000E+01
SOLUTION MATRIX
-5,42606-31 -1.8663E-01
=1.3992E+00 —4.4864E=01
-1,08T72E+00 ~3.9480E-01
9.794TE=01  1.2912€-01
1.29126-31 1.4329E=01
2.6063E400 9.4T782F-01L
3,8491E-01 1,3994E-01
-1,0808E+02 -3.8583E4D1
4,56 T6E+00 l.6690E+00
7.5409E=02 2.7414E-D2
~1.,0967E~01
3.B491E=01 L1.3994E~01

=5, 1255E+00
=1, 1705E+01
~1.0204E+01
2. 4662E+00
9. 2337TE~01
3.0049E+01
3.4556E+00
~1,0005E+03
6. 23T4HEFDL
T«1185E~01

=24 8346E+00
3, 4556E+00

=5, 1564E+00
=1, 1837E+Q1
=1.0323E+01
2.5465E+00
9,3794E~01
3.0338E¢01
3. 49T4HE+D0Q
=1, 0123E+03
4,28T4E+01
7.2010E-01}

«2.86TTE+QD
3. 49T74E+00

=5, 1694E+00
=1.1919€+01
~1.0&400E+01
2. 6063E+00
9.4782E-01
3,0524€+401
3.5248E+D0
-1.0201E+G3
4,3197E+01
T.2545E~01

=2.8891E+00
3, 5248E+00D

-6, T00T7E=01
-1.5510E+00
=1.3T721E+00
J.6468E-01
1.3641E=01
3.4556E +00
5.1010E=01
~1.3248BE+02
5.7810E+00
9.5455E-02

~3,8116E-01
S.1010E-01

-5.T475E-~01
=1.5703E+Q0
~1.3892E+C0
3,7623E-01
1.3850E-01
3.49T4E+00
5.1613E=01
~1.3418E+402
5,8533E400
9.664TE=02

=3.8%93E-01
5.1613E~01

-6.T6R9E=-01
=1,5824E+Q0
=1.400&E+00
3.8491E-01
1-39%4E-01
3.5248E400
5.2014E-01
-1.3532E+02
5.9008E+00
9,7432E-02

-3.8908E-01
5.2014E~01

1.8495E+02
4,2929E+Q2
3,BC7TTE+D2
~1.0237E+02
~3,7585E+01
=1.0005E£+03
=1.324BE+02
5.57B8GE+04
-8,2253E+02
-2.€504E+01

1.05T8E+D2
=1.3248E402

1.8628E+02
4.34TEESD2
3,8562E+02
=1.0562E+02
«3,81T6E+01
~1.0123E+03
=1.3418E+402
5.8 269E+04
=-8.4295E+02
-Z2.6840E+01

1.0T13E+02
=1,2418E+02

1.8690E+02
4.3821E402
3,8803E+02
«1.080BE+02
-3 ,8%583E+01
=1.,0201E+03
-1,3%32€+02
5.E591E+04
-8.5640E+02
=2.T063E+01

1.080ZE+02
~1.25326+02

-8,95B5E+00
-2,0376E+01
~1.THESTE+CL
4.324BE +00Q
1.6266E+00
4.2374E +0L
5.T810E+00
-8,2253E+02
L.2390E+02
1.30R9E +Q0

-4.9051E+00
5.7810E+00

=9.0118E+00
=2,0&05€ +01
=Ll.7863E+01
4.4639E +00
1.56519E +00
4.2BT4E+OL
5.8533E+00
- 8,4296E+02
1.24TTE+02
1.3232E+00Q

-4,9623E+00
5.8533€ +00

-9,0340E+00
-~2,0745E+0Q1
~1.79971E+0L
4,56T6E +00
1.6690€+00
4.3197E+01
5 .90 08E +00
-8.5640E+02
1.2533E+02
1.3325E «00

-, 9995E+00
5.9008E #0Q

=1.4343E=01
=3.2764E=01
-2.8535E-01
T.1407E-02
2.6715E=02
7.1185€-01
9,5455E=-02
-2.6504E401
1.3089E+00
2.3109E-02

=1.9271E=-02
9,5455E=02

=1.4432E=01
=3,3142E-01
-2.8875E-01
T.34699E=-02
2.7T13 1E=D2
T«2010E-01
9,664 TE=02
=2 .6840E+401
1.3232E+00
2 .3344E-02

-8.0215E=02
2,664TE-02

=-1.44TOE-01
=3,33T6E-01
-2.9096E-Q1
T.5409E-02
2.7414E-02
T2 2545E~01
9.T43 2602
=2.7063E+21
1.3325E+00
2.3498E-02

~B8,03830E~02
9. T4312E=02



e

TIME = 0.

S0000E+01

SOLUTION MATRIX

=5.4617E-D}
~1.4199E+00
-1l.1050E+00

G B4H9E=01

1.3139€-01

2. 6492E+00
3.91206-01
-1, 0986E+02
44642 0E+00
Te66426=02

=1.8696E~-D1
~4.5141E~D1
=3 .974DE=-D1
1.3139E=-01
1.4363E=01
9.5409E-01
1.4087E-D1
=~3.884TE+01
L.6T98BE+00
2+T594E~02

1.1657E+00 =3,0698E~01 ~1.1040E-D1

RICCATI
229297E+400  3.6305E400 2.0743E+00
2. 63058+00 T.T249E+00 4. B8055E+CO
2.07438400 4.8055€+00 4,1961E+00

=5.4617E=01 ~1.4199E+00 =1,1050E+00
=1.8696E=01 =445141E~01 =3.9740E=-01
=5.17T072400 =1.1963E+01 = 1.0446E401
=6 TT32E~01 =1.5893E+00 -1.4075E+00
1.8714E402 4.4019E+02 3,90B0E+02
=59.0361F+00 «2.0822E+01 ~1.8076E+01
~1:44T5E~01 -3,3505E=-31 =2,9229t=01
KCy THE TRAWSIENT CONTROL GAIN MATRIX
S5« 1623601 1.3350FE+00
=6 TT32E=01 ~1.5893E+00 ~1.4075E+00
RICCATI
22450400 3,6243E400 2.0T21E+00
3..6243E400  7.72B8E+D0 4,8139E+00
2.0T2|F+00  4,B8139E+09 4,2061E+00
~5447T68E=01 ~1.4341E+00 =1,1173E+00
=1.8692E~31 -4.5291E-D1 ~3.9892E=-01
~5.1649C¢00 =1.1982E+01 =1.04T0E+01
=6, T6T2E=01 ~1.5926E400 =1.4112E+00

1. B6BBEHD 2 4.4115F+02 3,.9186E+02
=9.0260E+30 =2.0855E+01 ~1.8117E+0)
=1.4460E~01 ~3.3563E=01 ~2.9298E-01

XCy THE TRANSIENT CONTROL GAIN MATRIX

5,7563E=-01
=6.T67 2E=0}

2.919TE+QD

3. 61T71E+00
2+ D6RAAE +00
=5.4TTBE=D]
=1.8665E=01
=5%.1555E+00
=6, T556E=01]
1. B657E+02
=5.009TE+QD
- 1l.4434E~=01

1.3373E+20
=1.5926E+00

3.6171E+0Q
7.7260E+00
4.8155E+00
=1.4433E¢00
=4.5355€=-01
=1.19856E+01
=1+5934E+00
4.414 1E+Q2
=2.08560E+01
=3.3573F=-01

1.1685E+00
~1.4112E+00Q

RICCAT]
2.0684E+00
4.B155E +00
%4+ 2099E+00
~1.1254E+00
~3.,9966E-01
~=1.04THE+J1
~1.412TE4+00

3.9231E+02
~1.8132F+01
~2.9324E=01

KCs THE TRANSIENT CONTROL GAIN MATRIX

3,9120E=01 1.4087E-01
TIME = 0.7B0DOE+G1
SOLUTION MATRIX
—5.4T68E-01 ~1.8692E~01
~1e4341E+00 ~4,5291E=01
~1.1173E+00 -3,9892E-01
1+ 006TE+00  1.3302F=01
1.3302E~-01 1,4384E~01
2.6788E+00 9.57T0F-01
3.95596-01 l.41426-01
=L.1111E+02 =3.9004E401
4469336400 1.6B61E+00
T. T493E-32  2,T699E-02
=3.1039E=01 -1,1082E=D1
3.9559E=01 l.4142E=01
TIME = 0.7600DE+01
SOLUTION MATRIX
~5.4TT8E-0L =1.B665E=01
=1.4433E+00 =4 ,5355E01
-1.1254E+00 =3.9966E=01
1.0159E+00 1.3414E-01
1.3414E-91 1.4396E=01
2.6980E+00  9.59446=01
3.9850E-01 1.41T0E=01
=1.L194E+02 -3.9085E 401
42 T266E+00  1.6891E+00
T.8051E-02 2.T7750E~02

5S¢ TA61E-01 1.337TE+00 1.1695E+00 -3.1263E~01 -1,1103E-01

-5. 1TOTE+DO
=1l.19563E+01
=1.0446E+01
24 5492E+00
9. 5409E-01
3. 0634E+01
3. 5414E+0D
=1.0248E403
4. 3ABBE+QL
7.2863E=01

=2+ 9019E+00
3.5414E+0D

~5. 1649E+00
=1.1982E+01
=1.047T0E+D)
2. 6T3BE+0D
9.5TT0E=D1
3.0690E4+01
3.5502E+00
=1l.0273E+03
4+ 3484E+01
T.3027E=01

=24 9085E+0D
3.5502E+00

=5. 1555E+400
+1. 19856401
~1.04THE+OL
2. 6980E+00
9.5954E-D1
3.07T09E+01
3.5536E+00
=-1.0283E+03
4.3517E+D ]
T7.3085E-D1

=2.9108€+00

~6.7TT32E=01
=1.5893E+00
=1.4D75E4+00C
3.9120E-01
1.4087E=-D1
3.5414E400
5.2262E=-01
=1.3E02E+02
S.2295E+40C
9.7910E-02

=3,5100E-01
5.2262E=-01

~6.TET2E~CQ 1
=1.5926E+0Q
=1.4112E+00
3.9559E=01
1.4142E=01
3.5502E+00
5.2399E~01
~l.3641E402
5.944TE+OD
9.81l67E-02

-3,9203E=01
5,2399E~-01

=6.7556E~01
~1.5934E 400
~1.4127E400
3.98506-01
1.4170E=-01
3.5536E400
5.2458E-01
-1.3659E402
5.9507E +00
9.8271E-02

«3,9245E-01

1.8704E+02
4.4020E+02
3.508CE+D2
=1.0986E+02
=3.8847E+D]
~1.0248E+03
=1.2860DZE+02
S.67191E4+04

=8.645TE+D2 -

=2.T19%E+01

1.0856E+02
=1.260ZE+02

1.83688E+Q2
4a4115E+)2
3.510€E+02
=1.1i11E+02
=23.5004E+01
=-1.0273E+03
=1.2641E+02
5.6904E+04
-H.,6895E+02
~2.T2T3E+01

1.CB86E+D2
=l.3é641€+02

1.8657€+02
4.4141E402
3.9231E+02
~1.1194E+02
~3.5085E+01
~1.0283E+03
~1.3£59E+02
5.£955E404
~8.7072E+02
~2.7303E+01

1.0898E+02

-9.0361E+00
-2.0822E+01
~1.8076E+01
4.6420E+00
1.6798E 400
4.,3388E+01
5.9295E+00
-B.645TE+02
1.2556E402
1.3380E+00

=5.0214E +00
5.9295E+00

-9.0260E+00
-2,0855E+01]
-1.8117E+01
4.6933E +00
1.6861E+00
4.3484E+01
5.9447E 400
-8,6B956402
1.2583E+02
1.3408E+00

=5.0330E +00
5.944TE+0Q

=9.009TE +30
-2.0860E+0]
=-1.8132E+01
4. T266E+00
1.68%1E+CO
4+351TE+D1
5.9507TE+00
~8.TOT2E+02
1.258BE+02

1.3418E+00

=5.0371E+00

=l.4475E=01
=3.3505E=-01
~2.9229E~01
Ta6642E-02
2+T594E=02
T.2864E-01
9.7910E=-02
~2.T199E+01L
1:338CE+00
2.35H9E=02

=8.1199E=(2
9. 791 0E-Q2

-1.4460E=01
=3,3563E=-01
-2.9298E=01
T T493E=02
2.7699E-02
T.3027E=-01
9.8167E=02
=2.T27T3E+01
1.3408E+00
2.363TE~02

=83.1391E~02
9.8167E=0Q2

“l.4434E=01
-3.,3573E=01
=-2.9324E-01
7.805 1E-02
2.77508=02
7.3085E-01
9,827 LE-D2
-2. 73036401
1.3418E+D0D
243655E=02

~8.1463E-02



~6.T755€6~01

2.9156E+0Q0
3.6099€+00Q
2.C642E+0Q
~0.46982=01
~lsB6255-01
=54 1449 +20
=6.T418z~01
1.P619E 402
“8,9912E+00
=-1.44045=01

KC,
S. 7343621

=1,5934E+00

3.6099E +00
1.T195E+0N
4 .8130F+00
«1.4489€E +30
“4a5362F=01
~1.197TRE+I]L
-1.592AE+00
4.4126E402
=-2.,0848E+01
~3,3555€=I1

1.3370F+30

=1.4127E+00

RICCATI
2:.0642F +00
4481308 +00
42209TE+00
=1.13036+00
=3.9990€~-01
=1.04TTE+01
=1.%12BE+QQ

3.9236L+02
-1.8130E+01
-2.,9323E-0Q1

THE TRANSIENT CONTRNL GATIN MATRIX

3.9850E=01 1.4170E-01
TIME = (.T74000E+01
SOLUTION MATRIX
=5.4698E=0] ~1L.862%E~01
=~1.44B9E+I0 ~4,.53628-01
~1.13030+400 =3,9990E=01
1. 0229E+00 1.3486F=01
1.3486E-01 1.44026-01
2.T096E+00 9.5994E-01
4. 0030E-01 1.4180E-01
=1.1245%E+02 =3.9115E+01
4. T46TE+QD 1.6900E+D0
7.8389E-02 2.7768E-02

1. 169SE+00 —3.1399E=01 =1.1109E=31

-5,T4185=01 =1,5928E+00 ~1.4128E+00 4.2030E-01 1.41B0E-D1
TIME = 0.T20D0E+01
RICCATI SOLUTION MATRIX
2.91235+00 2,6032E+00 2.0600E+00 ~5,4568E=01 —=1.8589E-01
3,60326400 TLTLL3F+0) 4.8083E+00 ~1.4519E+00 =~4.5330E-01
Z2.06005+00 4.8083E+00 4.2072E+00 -1.1329F+00 ~3,9981E-01
-5, 4568FE~D)1 «1.4519E+20 =1.1329E+00 1.0280E+00 1.3531€-01
~1.8509E=0]1 -4.5334E=01 -3.,9981E-01 1.3530E-31 1.4403E-01
-€.1344F420 =1,1966E401 =1.0471E+01  2.7156E+30 9.5967E=01
=6, T2T8E=01 ~1.5914E+00 =1.4121E+00 4.0129E-01 1.417BE-01L
L.85B0E#02 4.4088E+02 3.92176#02 =1.12T4E+]32 ~3.9112E+4D1
=B.9730F+30 —2.0827E+0]1 ~1.R119E+01 4.7573E+00 }.6895E+00
=1.4375E=01 =3,3522E~-01 =-2,9305E~-01 7.8569E=-02 2,.7760E-02
KLy THE TRANSIENT CONTROL GAIN MATRIX
3, 7226E~01 1.3357E+00 1.1688E+00 =3.1472E=-01 =-1.1107E-C1

=6, T2T68E=01 =1,.5914E #00 —1.412 E+00 4.0129E-01

2.9 TE+DQ
3. 59T4F+00

3.59T4E+0D
T. TAI29E+00

RICCATI
2.0561E+00
4. 802 JE+00

2.05615+00 4.8027E+30 4.203484+00
=5,44]1 58=0] =1,453284+00 =1.1340F+00

-1.8550E=01
=0, 1249E+)0
-6, T149Z~01

1. 854 4%4+02
~B.95658+1Q

=-4.5293E-31
=1,.,1952E201
=1.5896E+70

4,4039E+)2
=2.0822F+J1

=3,9954F-01
«1.0461C401
~1.4109E+00

3.9185E#02
=1.B103E+01

=1l.43486=01 =3,34846=01 -2.92R0E=01

1.4178E-N1
TIME = 0.TO000E+01
SOLUTION MATREX
=5:4415E=-01 =1.8550E-01
=1.4532E+#00 ~4.5293E~01
=1.1340E+00 =3.9954€-01
1.03L7€+00 L1.3554E~01
1,3554E=01 1.4401E-01
2. TLT9E+00 9.589T7E-021
4. 01 73E=01 1.4170E-01
~1.1287E+02 =-3.9090E+01
4. T6L3E+I0  1.6883E+0
TaB8641E-02 2.7T41E-02

3.553a6E+00

“5¢ 1449E+00
=-1.1978E+0L
~1.04TTE+O]
2. TQ96E+0D
9. 5994E~21
3.07356+01
3.553TE+00
=1.9284E+03
4.3510E+01
T+307TTE=-OL

~2.9105E+D0
3.5537E+00

-5. 1344E+00
=1.1966E+01
~1l.0471E+01
2+ T156E+00
2.596TE=01
3.0688E+01]
3+551TE+I0Q
=1.0279E+03
4.3480E+01
7.3031E~-01

=-2.9087E+00
3.5517E+00

=5, 1249E +30
=1.1952E+01
~1.0461E+01
2+ TLTAE+QD
%.5897E=01
3.0664E+01
3.548TE+D0
=1.0271E+03
443439E¢01
7. 2966E-01

5.2458E-01

-6.7418E~01
=~1.5928E%00
=1.412BE+QC
4.0030E~01
1.4180E-01
3.5537E+00
5.2460E-01
~1.3662E40¢
5.,95QTEH L
9.82T7E=02

~3.9248E=01
5.2468E=01

=5.T278E=01
~1.5914E4+00
=1l.4121E+0C
4.0129E~D 1
l.4178E={11
3.5517E+00
5.2447E-01
~1.3857E4D2
5.9473E+00
9.R225E=D2

=3.,9228E-01)
5.244TE=01

=6.T149E=01
~1.5896E+00
=1.4108E400
4.0173E-01
1.41T0E-D1
3.54875 400
5.241CE=01
=1.3864TE+02
5.9422E+00
9.81446=D2

~1.3659E+02

1.8619E+D2
b.4126E402
3,523EE+02
=1.1245E402
=-3.9115E+01
—1.C2B4€E+03
=1.3662E+02
5.6965E+04
~-8,7081E+02
=-2.71306E+D1

L.0900E+D2
=1.3¢6£2E+02

1.8580E+02
4.40G88E+02
3.9Z17E+D2
=1.1274E+02
-3.9112€+01
=-1.0279E+03
=1.3e57TE+02
5.6951E+04%
-8.6991E+02
=-2.7293E+01

1.0894E+02
=1.365TE+02

1.8544E+02
4.4039E+02
3.91B5E+02
=1.128TE+02
=3.,909CE+01
=1.0271E+03
~1.3647E+02
5. EG24E404
-8 .6852E+02
~2.T2T1E+D]

5.950TE+0D

=-8.9912E+C0
=2.0848E+901
~1.3130E+01
4. T46TE#D]
1.6900E +0Q0
4.3510E+01
5.9507E+00
=-B.TABLE+QZ
1.2587E+02
1347400

=5.0366E +Q0
5.9507E +00

=8.9730E+00
=2.,0827E+01
=1.8119E+0}
4.7573E+00
14689 5E +00
4434BQ0E+01
5.9473E+00
-B.6%91E+02
1.25A2E+02
L+ 3409E+Q0

=-5,.0334E+00
5.9473£+00

-A.9565E+00
=2.0802E+01
=1.8103E+01
4.7613E+0D
1.46883E+00
4.3440E+D]
5.9422E+00
~B8.6852E+02
1.257SE+02
1.3398E+00

9.827T1E~02

=le4404E~01
=-3.3595E=-01
=2.9323€£-01
7.8389E-02
2.71H66E=D2
7.3077E=01
9.8277E-D2
=2.7306E+01
L.341TE+QD
2.3654E=02

=8.14%9E-02
9.82T7E=02

=1.4375E~01
=3.3522E-01
=2.9305E=01
T.8569E-02
2.7T60E-D2
7-3031E-01
9.8226E-02
=2.7293E+01
1.340SE+Q0
2.3641E-02

~B8.1410E=02
F.8226E-02

=1e4348E=-01
~3,3484E~01
~2.9280E=-01
T.8641E~02
2. TT41E=-02
T.2966E-01
9.8144E-02
~2.T2TIE+Q1
1.3298E+00
2.3624E=02

144



A

KLy
5.7120E~31 -

1.3342E+00

6. T149E-01 =1.5B96E+00

2.9078E+00
3.59262 400
24115295430
~5.4258E=01
=1.8516E=01
=5.116AZ+D0
=6 TO38E=D1
1.A513E+22
—8.9424E+30
= k. 4325E=01"

3.5926E +00
T«6950E +00
4.T9TLE+30
=1.4533E+00
=4.5244E-01
=1.1938E+)1
~1.58T8E+Q0
44398BE #)2
=2.,0778E+)1
=3.3445F-01

THE TRANSLEMT CONTROL GAIN MATRIX

1.1678E+00
~1ls41I9E+D0

RICCATI
2.Q0529E+00
4.7971E+00
4, 1996E +00
~1.1340E+00
-3,9919E~01
=-1.0451E+01
~1,4096E+00

39149 +02
=1.80B&E+01
-2.,9252FE-01

~3,1501£~01
%4.01 7T3E=01

TIME =

G.

=1.1099E=01
1.4170E-01

68000E+01

SOLUTION MATRIX

=5+ 4258E~CL
=1l.4533E+00
=1.1340E+30
1.0343E+00
L. 3563€-91
2. T1T8E+00
4. 0180€~-01
=~1l.1290E+02
44 T6LOE+D0
1.8642E~02

KCy THE TRANSIENT CONTROL GAIM MATRIX

5+ T029E=21

1.3326E+00

1. 166TE+0D

=3.1502E-01

-~6.TO38E=01 ~1.5ATEE+00 ~1.4096E+00 4.0180E-01

0.

=1.8516E~0]
=45 244E=01
~3.9919€-01
1.3563E=01
1.4399E-0]
. 9,580BE~D1
1.4159€-11
=3,9059E+)1
1.68488E+00
2. T7l6E-02

-1,1089E~031
1.4159E=01

66000E+0 1

=1.8487E=01

~4s5195E-01,

=-3.9882E-01
1.3563E=01
1.4395E-01
9.5716E=01
1.414TE-D1
=3.,9025€+01
1.6852E+00
2.7691E=02

TIME =
RICCATI SOLUTION MATRIX

2.9064=430 2A,588TE+00 2.0502E+L0 -5.4110€-01

3.58372+400 T.6880E+00 4.7920E+00 =1,45278+00

2.0502E+400 4.T920E+00 4.1958E+00 =1.1334E+00
=5e4LL0E=01 =~1.4527E+00 ~1.1334F+30 1.03608+00
=1.8437E=31 =4,5195E=01 ~3.9882E=01 - 1.3563E-01
—5. 11028400 =1,1925E+01 =1.0442E+¢01 2.7161E+00
=6, 694 TE=01 ~1.5960E+00 =1.4083E+00 4,0164E~-01

1.84R85+02 <£,3941E+432 3.9113E+02 —1.12B86E+02
=B.9310F+#J0 =2.0755E+01 - 1.8069E+81 4, TS83E+00
~1243776~01 ~3.34096=01 =2.9226E-21 7.8601E~02
K€y THE TRANSIENT CCNTROL GAIN MATRIX

5. 69945=01 1.3312E+400 1.1656F+00 =3.1486E~01

=6.694VE=01 ~1.5860E400 -1.4083E+00 4,J164E-01

2.9054E+32
3.5857E+00
2+01431E+00

3.5857E+00
T.6RZ0E+10
4.78375E+00

RICCATI
2+D4BLE+D0
4. 78756 +00
44 1924400

~5.39T7E=01 =1,4518E+00 ~1.1325E+0D
=1. 84645=0]1 =4,5151E-21 ~3,.9847E-01
=5, 1051E400 =1.1914E+0] =1.0433F +01
—~6e 68T6S~0]1 =145845E+00 ~1.4072E+C0

1. 84582 +0 2

6 .3899E +02

3.9081E+02

TIME =

Q.

-1.1079£-01
1.4147E=01

640N00E+O1

SOLUTION MATRIX

~5.3977E-01
“1.4518E4+00
=1.1325E+00
1.037TDE+Q0
1.3558E=04}
2. T138E+00
4. D135E=01
=l.12THE+H2

=1.8464E=01
-4.5151E=01
~3.9847E-01
1.3558E=01
1.4392E-01
9.5629€~01
1.4135E=01
~3,8993E+01

~2+3061E+00
3.54B7E+0Q0

=-5.1168E+00
=1. 1938E+D1
~1l.0451E+01
2.T17BE+DO
2. 5808E=-01
3.0639E+01
3. 5454E+00
~1L.D262E+03
4 3396E401
T+2896E=-01

~2.9034E+00
3. 5454E 400

~5. 1102E+00
~1.1925E+01
~1.0442E+01
2.7161E£+00
9.5T16E=01
3.0615E+01
3.5422E+00
~1.0253E+03
44 3355E401
7.2830E=-01

=2.9D0TE+QD
3.5422E+00

=5+ 1051E+00
=1l 1914E+01L
~1.0433E+01
22 T13BE+DD
9.5629E~01
3.0594E+01
3.5394E+00
—~laD249E+03

=3.9196£-01
5.2410E~01

~6.7038E~0 1
~1.5878E+00
~1.4096E+00
4.0180E=01
1.4155E=01
3.5454E400

5.2347E=01.

=Ll.3€3SE402
5.9365E+0C
9.8053E-02

~3.9159E-01
5.23867E~01

~6.694TE=-01
=1.5860E4D0
+1.4083E+00
4.0164E=-01
1.414TE-01
3.542ZE40Q
S.2325E=01
=1.3623E+02
5.9310E+00
9.7964E-02

«3.9124E-01
5,2325E=-01

~6.6876E-D1
=1.5845E+0C
=1.40G72E+0Q0
4,0135E=01
l.4135E=01
3.5394E+00
5.22860E=01
=1.3£12E+02

1.0886E+02
~1.364TE+D2

1.8513E+02
4,3988E+02
3.5149E4+02
=~1.,1290E+02
«3.9C059E+0D]
~1.0262E+03
~1.3E35E+02
5.6892E4#04%
~BLEEITE+D2
~2.7246E#01

1.08T6E+02
=1.3635E402

1.8488E+02
4.3941E+02
3.9113E+02
~l.1286E+02
=~3.9025E+01
=1.0253E+03
=1.3623E+02
5. EBSGE +04
=~B.EE41E+02
=-2.71221E+01

1.0866E+02
=1.2623E4+02

1.8468E+02
4. 3895E+0D2
1.SCALE+D2
=1.12718E+02
=3.8992E+01L
=1.0245E+03
=1.3¢12E+02
5.56829E+04

~5.0290E +30
5.9422E +20

~8.9424E+00
=2.0TT8E+01
=1.80B6E+01
4. T6LOE+00
1.6868BE +00
4.3396E+01
5.9365E+00
+B.669BE+02
1.256T7E+02
1.3385E+00

=5.0242E+00
5.9345E4+00

-8,9310E+00
~2.0755E+01
=1.8069E+01
4.TSR3E+0Q
1.6852E+02
4.3355E+01
5.93108+0D
-8.6541E+02

1.2560E+02

1.3374E+00

=5.019&E +00
5.93L0E+0QQ

=B.9221E+Q0
= 2.0736E+01
=1.8054£+01
4.7542E+Q0
1.6837€+00
4.331B8E+01
5. 9260 +30
~A.64C3E+02

=8a1340E=02
FB144E=-D2

-1.4325=01
~3.3445E=01
-2.9252E=01
7.0642E~02
2.7T16E-02
Tua2896E=-01
9. A8C53E=02
~2.T246E+01
1.3386E+00
2+3604E=-02

~8.12635=02
9.8053E=-02

~1.4307E-01
=3.3409E-01
~2.9226E=-01
T.8601E-22
2+.7691E-02
7.2830E=01
9.7964E~02
~2+7221E+01
1.3374E+30
2.35B4E=-02

~8.1188E=D2
9.7964E=02

=1.+4292E=-01
=3,3377E~-01
~2.9202E-01
T.853TE=D2
2. T66TE=D2
T« 2770501
9.7883LC=-02
=24 T198E+01



9%1

~R.9221E+00 —2.0736E+01 ~1.8054E+01
=1.42925~%1 =-3,337TE-01 -2.92026=-01

KC»
5.6896E=01

2. 994 RE+30
3.5834E+00
Z2.04565E4+30
=5, 362F-01
=1.R446E~]1
=5.1012F+00
=-H.6822E~D1
1.8453E+22
~8.9154E +20
~1.4231E-01

KCy
5.68535=71

1.330Q0E+20

3.5834E+00
T.6TT2E+C0
4.783T7E+00
=1.453TE#0
-4.5112E-01
=1.1904E+J1
=-1.%833E+00
4.3863E+02
~2.0720E+31
~34335]1F-01

1.3289E+20

4. TS542E+00
7.8337E=-02

THE TRANSIENT CONTROL GAIN MATRIX

L.6837E+QQ
2. T66TE=02

1al646E+00 =3.1461E-01 -1, 1070E-01
=6he HBTGE=N1 ~1.5845E+00 ~1.4072E+00

RICCATI
2.0465E 430
4.TBITE+QO
4.1895E+00
=1.1315E+00
=3.9817E~Q1
—1.0426E+0Q1
=1.4062E+00

3.9054E +032
=1.8042F +01
-2.9181E=-Q1

L.l638E+00

THE TRANESTENT CONTROL GAIN MATRIX

4.0135E-01 1.4135E=-01
TINE = 0.62000€+01
SOLUTTON MATRIX
=5,3862E~01 =1.A446E=-01
=1l 4507E+00 =4 ,5112E=01
~1.,1315E+400 -3.,98]17E-0}
1.0376E+00 1.,3550E~01
1.3550€-01 1.4389¢-01
2.71125+00 9,.5553F=-01
4.01326-01 1.4125E=-01
~1.1269E+02 -3.8964E+401
4, TGITE+OQ 1.6824E+00
T+ B465E=02 2.7645E=-D2
-3,14326=01 =1.1061E=01

=6,6822E~01 =1.5833E+00 ~1.40626+00 4.0102E-01

2.9045E+00

3458LTE+D0

RICCATI
2.0454F +00

3,581 TE+Q0 T.6733E400 4.TBATE+Q0

2+ 045 4E+00
~5.3T6TE-Q1
=1.8433:~01
=5.0984E+00
~&6.6TA2E=01

1.B442F+22
-A,9106E+20
=1.42T3F~(1

4.780TE+DD
=1.4496E+20
=4, 5080E=01
=1.1897E+31
~1.5822F +00

4,3835E+32
=2.07T07E+01
=2.3330E-01

4418T71E+00Q
=14 1304E+0Q0
=3.97T916=31
=1.0420E+01
=1+ 4054E +00

3.9031E+32
=1.80326+01
=2.9155E-C1

TIME =

Q.

1.4125E-D1

60000E+D1

SOLUTION MATRIX

~5.376TE~01

K€y THE TRANSTENT CCNTROL GAIN MATRIX

5.6821E=01

1.3281E+00

1.1632E+00

b GT32E~01 =1.5822E+00 ~1.4054F+C0 4,0068E~-01

2.904 45 +09
3,58355400
2. 04447 +00

3.58Q5E+00
T.HTOBE+OD
4,778 4E+00

RICCATI
2.,0646F+00
4.7T784F+00

=5.3690F=01 =1.44B84E+00 —-1.1295E+00
«1.8424E~01 =4.5055E~71 =31.97T1E-01L

-1 .8433€~01

=le4436E+00 —4,50R0E~D1
=1.1334E+00 =3.9791E=01
1. I379E+00 1.3541E-D1
1.3541E=01 1.4386E-D1
2. TIBHE+00 9.5490E-01
4. 326BE-3]1 1l.4116E-01
=1.1260E8402 =3,8940E+01
4. 7452E+00 1.6813E+00
T.8393R-02 2.762TE=02
=3, 14%3E-01 ~1.,1054E-01
1.4116E-01
TIME = 0.58000€+01
SOLUTION MATRIX
=5,3690E~01 =1.8424E-D1
=1.%4B6E+0D =4 .5055E~01
44 1B53E+00 -1.12956+00 =3,97TLE-01
1.0380E+#00 1.3531E-01
1.3531E-0) 1.4384F-01

4,331 8E+0]
T 27T70E=01

=2. 8983E+00
3.5394E+00

=5.1012E+00
=1, 1904E+01
=1.0426E+01
2. TL12E+00
9.5553E=01
3.0876E+Q1
3.5369E+00
=1.0238E+03
4. 328TE+Q1
Ta 2720E=01

~2.8963E+D0
3.5369E+00

=5. 0984E+00
=1. 189TE+01
=1.0420E+01
2. TOB6E*DO
. 54530E-01
3. 0562E+01
3. 5349E+00
=1.2232E+03
4e3263E+01
T.25680E=01

=2.894TE+DD
3. 5349E+00

=5.}365E+00
=1. 1B91E+01
=1.0416E+01
2. T063E+00
2. 5440E-01

5.9260E4)0

~B.¢403E+02

3.T883E-02 ~2.T19BE+01

-3,9091E-01
5.22086F=-01

=5.6822E-01
=1.5833E+30
~1.4Q62E400
4.01026-01
1.4125E~01
3.5369E +00
5.22526=-01
=1.3803E+0¢
5.9218E+00
9. 7814E~02

=3.9064E~01
5.2252€E~01

~5+6T82E~01
=1.5822E400
=1.4054E+00
4.0068E=01
ls4116E~D1
3.9349E 400
5.2224F=01
=1.3595E4+02
5.9183E404Q
9.7758E=-D2

=3,9042E-01
5.2224E~01

-5.6755E=01
=1.5814E+00
=1.4048E+0C
440036E~01
1.410GE=01

1.0857E+02
=1.,2E12E+Q2

1.B8453E+02
4.3863E+02
3.9054E+02
=1.1269E+02
~3.8964E+01
=1.0238E+03
=1.2603E402
5. E803E+04
-B.,6285E+02
~2.7T179E+0]

1.084SE+02
=1.3£C3E#D2

1.8442E+02
44308356402
3.9C3LE+D2
~le.l2¢0E#Q2
~3,8540E+0]
=1.0232t+03
=1.2595E+02
5.6T81E+04
-8.6188E+02
=2+ T164E+D ]

1.0843E+02
=1.3595E+02

1.8434E+02
4.3813E+02
3.9013E+02
=1el251E+02
=3,8920E+01

L.2554E+C2
1.3364E4+00

~5.0155€+00
5.9260E+00

=8.9154E+00
=-2.0720E+01
=1.B042E+CL
4.THRTE+QD
1.6824E+#00
4a32BTE+Q]
5,921 8E +Q0Q
~8.6285E+02
1.2543E+02
1.3355E+00

=5.0120E+00
5.9218E+00

=3.9106E+00
-~2.070TE+01
~1«8032E+0Q1
4. T452E 420
1.6813E+00
4.3263E+01
5, 9183E +00
-8.6188E4+402
1.2544E+02
L.3348E400

~5.0092E+00
5.9183E+00

=B.9073E+QC
~2.069TE+01
~1.8024E+C1
4.T412E+00
1.6804E +00

1.3364E+00
2 «3569E=02

~8.11226-02
9.7883E~02

=1.4281E=01
=3.3351E=-01
-2.,9181£-01
T+8465E-02
2.TE45E~D2
7.2720E-01
9.781 5E~02
=2.7179E+01
1.3355E4+00
2.35556-02

~B8.1066E=-02
9.7815€-02

=1 .4273E=01
=3,3330€-01
=2.%165E~-01
T.8393E~0}2
2.T627E=02
7.268CE=01
G, 7T59E=-02
=2.T164E+D1
1.3348E+00
243544E-02

~8.1020E-Q2
% T159E~02

=1.4268E=01
=3.3314E=-0]
«2.9152E=01
T.8328E-02
2.7613E=~02



L¥

=5.00655+310 =1.1R91E+01 ~1.0416E+C1
=6, 6755F=01 =1.5A14E430 ~1.4048F+00 4.0036E-01

L.R434E402

KCy THE TRANSTERT CUNTROL GATN MATRIX

S.6T99E=01

2904 4E 400
3. 579 7= +20Q

=1.84175=01
=5, 09537 +30
-6.6T3TE=T1

1. B42OF 402
—8.,9051E+DD
~1.4264E-01

2. TOH3E+OD

9, 5440E-01
Le4109F=01

4.38135422 3.9013E+02 ~1.1251E+02 «3,8920E#1
=8, ITIE4IT ~2.0697E+I] —1,.R024E+01
~144268F=21 —~3,3314F=01 -2,9152E=-C1 7.8328E~-02 2.7613E-02

1.32T4E+20

3.579TE+DD

44 T412E+00

1.6804E+00

lel62TE+00 =3.137VE~01 =1.1048E=01
=6 ETHREE-O1 =~145814E +30 =1.,4048E+00 4.0036E~0D1

RICCATI
2.04%1E+00

T.6681E400 4.7T766E+030

2.04417+00 4 TTOHEE#DD &4, LAZSE+OQ
=5.3630€-01 -~ 1. 44TTE+00 =1.1283TE+00
=~4,5035E=-01 -3.9755E-C1
~1.1B87E+01 =1.0412E401
~1.5808E+20 =1.4043E+00

44 3TI5E+D2

3.9000F+02

~2.0690E+01 - 1.8018E+01
~3.3302E=-01 =-2.9142E-01

KCy THE TRANSIENT CONTROL GAIN MATRIX

5. 6TASE~D]

1.3269E 400

L. 1623E+30

=6e6TATE=D] ~1.5808F+030 =1.4043E+00

2.9045E+00
3,5791E+00
2.0438E 400
=5.3583E-01
=1.8413E-71
—5. 094 5E +00
—6.6726E-01
1.8425E+22
=8.903BE+00
=1, 4262E-01

K€y THE TRANSIENT CONTROL GAIN MATRIX

S.677T6E=01

3.5T91E+DO

RICCATI
2.043BE+00

T.6664E+30  4.T7T53E+00
4, TTS3E+00 4.18286+400
~1+4%TOE+0D ~1.12080E+00
~4,50208=01 =3.9743E-01
~1.18B4E+01 =1 .,0410E+0]
~1.5804E+00 —1.4039E+00

4.3TB3E+D2

3.8990E+02

=2.06B84E+31 =1.8014F+01
=-34,3292E-01 -2.9135E-01

1.3266E+20

1« 1620E+00

=6 HTZHE=D] ~1.5B04E+00 =1 .4039E+00

2.9046E400
3.57882+70

3.5788E+00
T.6652E+00

1.4109€6=01

TIME = 0.56000E+01

SOLUTION MATRIX

~5.3630E~01 ~1.8417E-01
=1+44TTE+D0 -4,5035E-01
=1.1287E+3D =3,9755E-0]
1. D380E+0C 1.,3523E-01
1.3523E~01 1.43828-01
2.T042E+00  9,5401E+01
4. 0008E-01 1.4102F-01
=1.1243E+02 ~3.8905E+D1
4.TITHE+QD  L.6TITESOD
T.827TOE~02 2.7602E=02
=3.1354E~01 =1.1044E-D1
4,3008E-01 1.4103E-01

TIME = Q.54000E+01%

SOLUTION MATRIX

-5, 3583E~01
=le447OE+00
=1.1280E+00
1. C37BE+0OD
1-3516E=-01
2+ TO25E+00
3,9985E~01
=1.123TE+0Q2
4. T34TE+DO
TuB222E~02

=3.1335E~91
3.9985E~01

TIME =

9.

~1.8413E=-01
-4.5020E-01
=3.9743E-01
1.3516E=01
1.4381E~01
9.5372E-01
1.4099E-91
-3,8893E+Q1
1.6T92E+00
ZeT594E~D2

-1.1041E-01
1.4099E=-01

52000€+01

RICCATI SOLUTION MATRIX .
2.0436E+00 =5.3549E-01 -1.,8411E-D1
4,774 +1) =1.4464E+00 =4,50103E=01

3.0551E+01
3.5334E+00
=1.022BE+03
4a3243E+01
T.2649E=01

=2.8935E+00
3. 5334E400

=5, 0953E 400
~1.18BTE+DL
-1.0412E+01
2. T042E+00
3. 5401E=-01
3.0552E+01
3.5322E+00
=1.0225E+03
44 3229E4D1
7.2625E=01

=2.8925E+400
3.5322E+00

=5.0945E+00
=1.18B4E+01
=1.0410E+01
2. TO25E+00
9.5372E~01
3.0536E+01
3.5313E+00
=1.0222E+03
44321 8E+01
T+« 260BE~01

=2.8918E+00

3.5313E+00

=5.0942€+00
~1. 188 1E +01

3.5334E40C
5,22036=01
-1,3585E+{0z
- 5,9156FH00
9, 7714E=02

~3.,9024E-01
5.2203E-01

~-6.6T3TE-01
~1.580BE+00
~1.4043E+00
4,0008E-01
1.4103€=01%
3.5322E+0C
5.2106E-01
=1.3584E+02
5.913€E+00
9.,7681E=02

~3.9011E-Q1
5. 2188E=-01

=-6.6T26E~Q1
~1.5804E+00
=1.4039E+00
3,9985E=-01
1.4099E-G1
3.5313E+00
5.2174E-01
~1.,3581E+02
5.9121E+0Q
9.T656E-02

=3.9001E~01

5.21T46=0G1

=-6.6T20E~01
=1.5A00E+00

-1.0228E+02
=1.3589E+Q2

5. 6T64F 204
-8,5113E¢02
=-2.7151€#01

1.0838E+02
=1.3589E+02

1.8429E+02
4.3795E+02
3.9C00E+D2
=1.1243E+02
=3.8905F¢01
«14C225E403
=1.35B4E+02
5.€781€E+04
«~B8,EC55E+02
~247142E+01

1.0834E+02
=1.3584E+02

1.8426E+02
4.3783E#02
3.8590€+02
=1.123TE+}2
“~3.8893E+01
~1.0222E+03
=1.3581E+(2
5.6T4lE+Q4
=8.6013E+D2
-=2.7135E+01

1.0831E+02

-1.3581F+02

1.8424E402
4.37T4ERD2

4.3243E+01
549156E+00
~8.6113E4+02
l.2541E¢02
1.3343E+00

~5.0070E+00
5. 9156E+00

~8.9051E+00
=2.06902+01
~1.8018E+01
4T ITEE+DO
1.6797E+00Q
4.3229E+01
G.913£6E+00
-8.6055E+02
L.253BE+52
1.3339E+00

=~5.0054E+00
5.9136E+00

-8 ,9038E +JQ0
-2,0684€¢31
~1.8Q14E+01
4.T34TE+D0
1.67T92E+00
4,3218E¢01
5.9121E +00
~8.6013E+02
1.2537E+02
1.3336E+00

=5.0042E+00

5.9121E+00

~8.,9032E+00
~2.0680E+01

7,2649E-01
G TTL4E~DZ
~2.T151E+01
1.3343E+00
2.3535E=02

~8.,0985E-02
9.7T7T14E=D2

=1.4264E~01
-13,3302e=-01
=2.9142E=-01
T.R270E-Q2
2.7T602E=-02
T.2625E=-01
9.T681E=02
=2.7142E+01
1.3339E+20
2.3528E-02

-8,0958E=-02
%.7681E~02

=1la4262E-01
=31.,3292E=01
=2.9135E=-01
T.8223E~02
2+ T594E~02
T.2608E=01
9.T656E=-02
=2.T135E+01
1.3336E+00
2.3523E=02

=8.0938E~-02

5. T&E5E6E=D2

=1l.4261£-01
~3.3288E-01



Al

2. 0436 +00

4.7T43E400

4,1821E+00

—5,35695=01 ~1.4464E%00 ~1.12T4E+D0

=1.84115=-01
-5,09427400
~6.6T20E~01

1. B4245402
—-8.90325400
=1,42618-71

KTy THE TRANSIENT CONTROL GATN MATRIX

5.a7728=-01

-4.50108~01
=1.1R81E+D1
=1,5RJCE +00

4.3T7T4E+D2
-2.0680E+01
-3,3286E=31

1.3253€E+00

«3.,687348-01
=1.0408E+01
~1.4037E+00

3.8983E+02
~1.8011E+01
-2.9130e=01

1.1610E+00

-6,6720E-01 ~1,5R00E+)0 ~1.4037C+00

2.50405400
3, 5TB6E+20
2. 34365200
~ 5. 3524501
=1,8410E=01
~5., 09405 +D0
-hab6T18E=01
1.84245+02

31.5TB6E+10
T.6643E+00
4.TT3TE+]IQ
~1.445%E+02
-445002E-01
=1.183B0E+J1
=1.573BE+20
4,3THTE+D2

RICCATI
2.0436€ +)0
4. T13TEL0D
4.1816F +20
-1.12TDFE+00
~3,9728E-01
~1.04)7€+01
=1.40356+00

3, 89T78F+ 02

—H.9N205+00 ~2,067TEHIL ~1,.,80080¢01
—1e4261E=01 =3.3281E-01 ~2.9127E=01

KCy
5.67TT0C=01
=h.6T1BE-O1

7+ S0%0E+QQ
3. 57H6E+QC
2-04365400
-5,350T7E~-01
-1, 8410601
=5, 094 1E+0C
=-6.6T1L8F-01
1.8424E492
~2,9030E+00
=1.4261E=01

Ky
%, 67T1IF=01

1.3261E+00
=1.57T38E+00D

3.57T86E+00
T 66376400
4.TT32E+0D
=1.4496E+D0
-4 ,4997E-01
=1.1879E+01
=1.5797E+00
4.3THIENZ
=2.0675E+71
=-3,3278E-01

IHE TRANSTENT CONTROGL

1.32680E+00

1. 61 7€+00
=1.4035€+00

RICCATI
2.0436E +00
&.TT33€ +D0
4.18130+00
-1.1267E+00
~3,9724E~01
—1.0406F ¢01
=1, 4034F +30

3,8975E+02
-1.BO3TE+0L
-2.9125E-01

GAIN MATRIX

1.1616E+00

~5,6T18E=01 =1,5T9TE+00 =1.40345+00

THE TRANSIENT CONTROL GalN MATRIX

-1.1274£+00 ~3.9734E=01
1. 9377E+20 1.35105-01
1.35106=0)1 1.4380£=01
2.,70L1E+00 9.5351E=01
3.9966E~11 L1.4096E-01

-1.1231E+22 ~3,88385E+01
4, 7323E+00 1,.678BE*00
T.8184E~02 2.75A8£-02

-3,1320E-01 =1.1038E~C1
3,99656E-01  1.4096E-01

TIME = 0.50030E+01

SOLUTTON MATRIX

-5.35624E=01 =1.8410E-01

~1,4459E+00 =4 .5002E-01

=-1,1270E+00 -3.9728E-01
1.0375E+00 1.3505E-01
1.3505E=01 1.4373E-01
2.TO0LE+O0 9.5336E-01
3,9951E=-01 1.4094E-01

~1.12272+02 -3,.8879E+01
4, 73065400 1.HTBGEWND
7.8153E=-02 2.7584E-D2

~3,1308E=01 =~1.1036E~-C1
3,9951E~01 1.4094E-01

TIME = 0.4800QE+01

SOLUTION MATRIX

=5,3507E-01 =1.8410E-01

-1,4456F+00 —4.499TE-OL

=1.1266E+00 ~3.,972¢E-01
1.0374E+C0  1.350L1E=01
1.3501E~31  1.4378E~01
2.6993F+00 9.5326€-01
3,9939E=01  1.4093E=01

~1.1224E+02 =3.8B74E+01
4, T290E+Q00 1.6TB4E+DD
7.8130E=-02 2.7581E-02

~3,1298E-01
3.9939¢=01

TIRE =

0.

~1.1035E-0L
1.4093E-D1

46000F+01

-1.0408E+01
2. 7011E+D0
3.53516-Q1
305326401
3.5307E+00

=-1.0220E+03
4,321 1E+01
T.25%5€~-01

=-2,8913E+00
3.5307E+00

=5, 0940E+00
-1, 1880E+01
=1.0407E+01
2. TOOLE+D0
9.5336E-01
3.0529E+401
3.5303E+00
=1.0219E+D3
4.3206E+01
7.258B7E~01

~2.8912E+D0
3. 5303E +00

=5.0941E+0}0
-1.1879E+01
~1la.0406E+01
2., 6993E+0Q
9.5326E~31
3.0527€+01
3.5300E+00
~1.0219E403
4, 3203E+0]
T. 2581E-01

~2.8508£+00
3.5300E+00

=1.4037E+00
3.9966E-01
1.4096E~301
3.5307E+00
5.2165E-01
~1.3578E+02
5,9110E¢00
9. TE39E=-02

=3,8994E~01
5.21465E=01

-h.6TLAE=01
=1.5T98E+0Q
-1.4C35E+00
3.9951£~01
1.4094E=-01
3.5303E+00
5.2159E=01
-1.357TTE+Q2
5.9103E+CC
9. TH2TE=OQ2

~3.8989E~01
5.2159€~01

~6.6718E=01
=1.57T97E+00
~1.4034E+00
3.9939E=01
1.4093E-0D1
3.5300E+0C
S5«2155%E=01
~1.35T6E+02
5. 9098E+00
F.TE19E~02

-3,8986E~01

3.89683€+02 —1.8011E+01

-1.1231E+02
~3,88B5E+01
~1.0220E+D2
=1.3578E+02

S+ET34E+04%
-8,5983E+02
-2, T130E+31

1.0829E+02
=1.3578BE+D2

1.8424E+02
4.376TEHQ 2
3,8978E+402
=1.1227€E+02
-3, 8279E+01
-1.0219E+03
~1.357TE+Q2
5.6725E404
-8.5962E402
~2.7126E+01

1.0828€+02
=-1.357TTE+Q2

1.8424E+02
4.3763E402
2,897SE+02
~1.1224E¢02
=-3,8B74E+01
=1,0219E+03
~1.3576E¢02
5.6 T26E+04
-B.5949E+02
-2.T124E+Q01

1.0827E+02

4,T323E+00
1.678B8E+0D
4,321 1E+01
5.9110E +00
~8.5683£¢02
1.2535€+02
1.3332E+00

-5.,0033E+00
5.91LQE£00

~8.9930E+G0
-2.06TTE+DL
~1.B00RE +D1
4. TI04E +20
1.6 T86E+0D
4.3208E+01
5.9103E+040
=-8,5962E+02
1.2534E402
1.3332E+400

~5,0028E+99
5.9103E403

-3.9030E+00
=-2.067SE+0L
-1.8007E+01
4, T29CE+00
1.6784E 400
4.3203E+01
5. 9098E +04
~8.5949E+02
1.2534E4+02
1.333:E+00

=5.0024E4+00

5,2155E=01 ~1,3576E+02 5.9098E+Q0Q

-2.91306-01
T.8184E-02
2.7588E~02
T.2595E=-01
F.TE3I9E-02

~2.713JE4+01
1.3333E+00
23520602

=-8.0924E-02
9.7639e-02

~1l.4261E=01
-3.3281E-01
~-2.9127E-01
T.3153E=-0D2
2.7584E+-02
T.2587E-~01
9. T62 TE=Q2
=2.,TL2EE+QL
1.33328+00
2.3517E~Q2

~8.0915E~02
9,762 TE=D2

-1.4261E~01
=3.3278E=01
-2.9125E-01
T7.08130E~02
2.7581E-02
T1.2581E=0L
3. T619E-02
~2.7124E+01
1.3331E+00
2.3516E~02

=8.0908E=02
F,7619E=02



6%1

7,905 15400
ILATALF +00

A, 57RHF +J0
T 66T3F+0D

RICCATI
2.0436E+00
42 1T3INE 0

SOLUTION MATRI X
=~Ha3495E-01 =1.8410E-01
=Lle%4530+00 ~4.4993F=~D]

2404167407 4,T773ICF+00  4.1811F+00 1. 1264F 400 =3,9T21F-01
~Sa FAIRE=0] =1.44530400 =1,1264F 430 1.0373E+400 L1.3598€E~01
~1.8410F=-01 «4,4997F=01 =3,97210-01 1.3498E=01 1.43T8F-)1
=5, 004 2640 ~1.187BE+2L ~1.0406F+01 2.6986E+30 9.5319F-01
“p AT20T=01 ~1.S5T96E+I0 ~1.4033E+00 3,9931E=31 1.4092€-=01

LaBe24F #1724 ATROF#032  3.99T730 #0802 ~1.1221E4+02 =3.8RT2E+D1
=8,03232 45 =2, 06T4F 401 = 1.8076F401 4. T280E+00 1.4TB3IFNO
~1.47618=31 =3.3276F=01 =72,91230=01 7T.8Ll13E~02 2.7579E~D2

«Cy THE TRANSTENT FONTROL GATN MATRIX

R.6T72E=01  1.32509E400 1.1615F+30 =3,1291E~01 -1.1035E-01

= AT203=01 =1 5706F 430 =1.4033F+00  3,993LE-01 1.4092E-91
TIME = D.44000E+01

2.92530+07
ILSTITESDD
ZaMAXTTHI0
—~S.34FAE=11
=1.941 1E="1
~5.I9L4S (D
~hasT235-71
l.B425F 422
=B, EZeD
~la42628=31

¥,

CLETTLE=D]

3.57TRTE+I0
T.465631E+20
Ly TT2REHID
=1.4451E433
-4.6991E=31
-1.1877E+31
“«1ls578E+DT
4,3THBE+D?
=2.0673E 40}
-3,3275E=-21

1.3258%9€+00

RICCATI

2. J43TE+D0
4. TT28E+00
4.18108+00
=1.1262E+00
=3.9720F=01
=1.0405E+01
=1«4033E+00
3.857T1E+02
=1.8006E+01
~2.9122E=~01

1. 16150400

=6 ETZAZ=D]1 =1.5795E40C ~1,4033E+20

2+O75 57 400
2, 5TBTR 41D
fe JdBRTHOT
-t , AR LE-) ]
=l.058]127=71
L PR LY
—L ETZEF ="
1847241477
= f A48 4170
laG26 2 =01

TR I
LTI
N A TII

Z,5TBTE+)D
766375479
L, TT2TE#00
“ 1 4440847
-%.49955=71
~]1.1877F+}
=1L5T2EE407
4.37587 492
w227 43
-2,3276F="1

TEANSTENT CONTRAE

1.32%% «719)
] B IR0

RICCATI
2.94738L +20
4.TT2TE+0QND
4418396 730
=1.1251R+5¢
=3,9719C=11
~1.04 )50 01
-1.4032F+#00

3LHGITIE 02
- 1.80%6F+G1
=2 9122¢=1]

SOLUTICON MATRIX
=~5,3488E=-01 ~1.8411E~0]

THE TRENSTENT CONTAOL GAIN MATRIX

=1.4451E+C0 =4 .4991E-01
~1.1262E+00 =3.9720E~01}
1.0372E+00 1.3496E-D1
1.3496F-01 1.437BE-01
2+6982E+230 9.5316E-D]
3.9924E-01 1.4091E-01
~1.1220E+02 ~3.8873E+01
4, 72126400 1.6782E430
T.8100E-02 2.7578E-02
=3.1286E=9]1 =~1.1034E=01
3.9924E-01 1.4031E-01
TIME = Q0.42000FE+01

SOLUTION MATRIX
~5.3484E=01 -1.8412E-01
=1.4449E 490 =4,4990E-01
~1.1261E+00 =3,9719E=01

La0371F+90 1.3494%-01
1,3434E~31 1.437AE=01
2.6979E#00 9.513140-01
3.9927E=91  1.4N91E-0]

=1.1218F¢02 =3,AR869E401

GATN WATRT X

YL lALSE N
=1.4'7142+40

4a F26TEHDI0 16 TA2T 400
T, H092E=-02 2.TS?TP=02
=3, 1283F=1] =1.10740=0]

3,9920F=1  1.40911=01

=5. 0942 E+00
=1. LA78E+D]1
=1.0&406E+01
24 6986E+00
9.%319E=-01
3.0526E+01
3. 5293E+00
=1.D218E+D3
4. 32G1E+01L
T«2578E=-01

=2.A90TE«0D
3, 5298E+00

~5, 0944E+00
-1.1877E#01
=1.405E+01
24 6982E+DD
9. 5316E-01
3.0525E+01
3.5297€E+00
=1.0218E403
4, 3199E+01
T.25376E~01

=2.8906E+Q0
3. 529TE+Q0

=5, 0946E+00
-1+ 187TE+01
~1«0405E+0L
2. 69TIEHGD
9.5314E~01
1.0525E+401
3.529TF +00
=1, 0218E+03
4a JI99EHDL
T. 25T15E=01

=2.H905E +00
31,4929 TE+DD

=6 HT20E=01
~1.57T96E +D0
=1.¢033E+00
3.9931E=-01
1.40928~01
3.3298E+00
5.2152E-01
=1.3575E+02
5.9095E+0C
Q.T614E=02

=3.8984E~01
%5.21526-01

~6.6T723E=-01
=1.5795E+400
=1.4033E+0C
3.9924E-0}
1. 409 1E-01
3.5297E+QC
5.2151E=-01
~1.3574E402
5.9093E+00
9.TELLIE=D2

-3.8983E=01
5.2151€=01

=5.6726E=01
=1.5795E+0C
=1.4032E+00
3.9920E=01
1.4091E=01
3.5297E+00
5. 2150E=0D1
=L.3574E4+02
5. 909 3E+00
9. TE10E~02

=3, 498 2L={11
A, 215%0F=01

1.B424E402
4.3TH0E+D 2
3.85T3E+02
=l.l221t+02
=3.8872E+01
=1.021BE+03
~l.3875E+02
S26T24E4+04
~8.5G40E+D2
=2.T123E+01

1.0827€+02
=1.3575E+02

1.8425€+02
4,3758E+02
2.89T71E+02
=1.1220E+92
=3.8870€ 401
-1.0Z718E+03
=1.3ET74E+02
S5.6723E+04
~8.5935E+02
=2 T122E+01

l.0B26E+02
=~1.2574E+02

loB426E+D2
4.375RL+D2
3.86T1E+02
=l.1218F+D2
~-3.8869E 401
=1.0218F+23
=1.,35T4E+p2
B.ET22E+04
—B.5C33k+22
=2.7022L 401

leOR2Z6E+I2
=1.3F74t +02

=B.2033E+00
=Z2.0ET4E+D]
=1.8006E+01
4.T280F+00
1.6T83E+00
4,3201E¢D1
5.9095FE 00
=R.5940E+02
1.2533E¢)2
1.3330F +CO

=5,0021€+00
5.9095E +00

=B.9C36E+00
-2.06T3E+Q1
-1.8C06E+Q1
4.T2T 25400
1.6782E+00
4.3199€+01
5.9993E +20
=8,5S35E+02
1.2533E+02
1.3330E+09

=5.0020E432
5.9093E43)

w3.90402 +30
=2.06T73£+01
=1.8006& +01
4.T26TE+00
l.6TR2E+20
4.3199€ 40§
EP VLR TR T
=B.RG330 +02
1425330 ¢D2
1.3230L #C2

~5.3320 #00
5. 539A0 HJ0

=Le4261E-Q1
=3.,3276E=01
=2.9123E=01
T.8113E-02
2.7579€E~-02
T«2578E=01
9, TEl4E=J2
=2.7123E+31
1.333CE+22
2.35158=-02

=8,0904c-022
Q.78 4E=02

~1+4262E=01
~3.32TS5E=31"
=2.9122E+31
7.8130E=-32
2.75TRE=-D2
T.2576E-01
9,761 18-32
=2.T12Z2E+01
1.333CZ+20
22351 4E=-32

=B.J902E=22
F.TéL1Z-02

=l.+2628=01
=3.3278=231
~2.51225=]1
TW8JQ2E=22
2.7571E=02
T.EBTSE=01
Qe THLIT=I2
=Tl 2E001
led3322e2)

2 A5 AL=00

=3 X Lol

Jololor=as



0st

TIME = 0.40000E:01
RICCATI SOLUTION MATRIX
2, 90566430 3.5789E+400 2.0439E+00 ~5.3482E~01 =1.8413E-01
3.5TBGE4+00 T.6630E+00 4.TT2TE400 =Lls4%49E+00. =4.498%E-D1
2.043GF+00 4 TT27E+J0 4.1809E+00 =1,.1260E+00 =3,9718E=-01
—5.34B2E201 =1.4449E+00 ~«1.1260E¢00 1,037TVE+00  1.3453E-D1
=1o8413E=01 =4,4989FE-01 ~3,9718E~01 1.3493E-01 1.4378E-01
-5,0949E400 =1.1RTTF+01 -1.0405E+01 2.69776+4030 9.5313E=-01
b, 6T295=01 =1,5795E 400 ~1.4032E400 3.9917E=01 1.4091E-01
1.8426E4+02 4.3757E+02 3,8971E402 ~1.121TE+02 ~3.,8869E+01
~8.9044E+00 =2.0673E#01 =1.B8006E+01 4.7T263E¢00 1.6782E+0D
—1.4263E~01 ~3,3275E~01 ~2.91226-01 7.8086E-02 2.7T577E-02
KCy THE TRANSIENT CONTROL GAIN MATRIX
5.67805=01 1.32596+00 1.16156400 ~3.1281E-01 ~1.1034E-01
—6.6T298=01 =1.5795E+00 ~1.4032E+00 3.9917€-01 1.4091€-01
TIME = 0.3B000E+01
RICCATT SCOLUTION MATRIX
2.905BE+00 3.5T9CE+00 Z.N4406400 =5,3482E-01 ~1.8414E-01
3,5790F 400 T.6830E400 4.7T27E+400 =1.4448E+00 =4 .4989E-01
2.04406+00 & T727E¢00 4. 1B09E+00 —1.1260E+00 =3,9718E-01
-G 3GB2E=01 ~1a4448E400 ~1,1260E+D0 1.2369E+00 1.3492F-01
=1.941 4E=01 =44 4989F=01 =3,97LBE~01 1.3492E-01 1.4378f~01
~S,N9S51E+DD ~1.1B7TE+0]1 =1.0405E+01 2.6976E+D0 9.5313F-01
~6.6712E=01 —1.5T95E+00 =1,4032E+00 3.9915E-01 1.4091E-0D1
1.8427€402  4,375TE+02 3.89T1E402 —1.121TE+02 =3,8869E+01
-R,9049E+00 =2.06T3E+01 =1 .8006E+01 4. T261E+00 1.6T7B2EQ0
=1, 4264E=01 =3,32T5E-01 -2,91226~-01 7.8082E-Q2 2Z.T7577E~02
KCs THE TRANSTENT CONTROL GAIN MATRIX
5.6792E-01 1,3259E400 1,1615E+00 =3.1279E~01 ~1.1034E-01
—6.6732E=01 —1.5T95E+00 ~1.4032E+00 3.9915E-01 1.4091E-01
TINE = 0.36000£+01
RICCATI SOLUTION MATRIX
2.9059E+80 3,5T91E+)0 2.0441FE+0D -5.3482E-01 ~1.8415E~01
3,57918400 7.6631F¢D0 4.TT28E+00 ~1.444TE+D0 =4.4990E-01
2.044 1 E+0C 4.7128E+00 4.18l0E¢00 -1.1259E€00 =3.9719E-01
=5,34825=01 -1.444TE+Q0 ~1.1259E+00 1.0369E+00 1.3492E-01
=1.84YSE~01 =4,4990E=01 =3.9719E—0L 1.3492E-01 1.4%378E-Q1
~6.0953E+70 =1.187TE+01 —1.0405E+01 2.697SE+00 9.5313E-01
—6.6T3SE=01 =1.5T9SE+00 =1,4033E+00 3:.9914E-01 1.4091€-01
1.B62B2#D2 4.3TS5BE+02 3.B571E#02 -1.1217E+02 =3,.8849E+01
—B8,9052E400 =2.0673E+01 —1,8008E+01 4.T260E¢00 1.6782E+00
~1,42648=01 =3.32756~-01 ~2,91226-01 7.8Q080E=02 2.7S577E-0Z
KL, THE TRANSIENT CONTROL GATHN MATRIX

5,67T85%~01

1.32596+00

1.16156+00 =3.1278E=-01 ~1,1034E-01

=5, 0945E +00
=1.1877E+0L
=1.0405E401
2. 69TTEOD
9o 5313E~-01
3.0525€+01
3. 529TE+D0
=1.0218E+03
4,3199E+01
7. 257T5E=01

=2.B905E+00
3.5297€+00

-5, 0951E+00
-1.1877E+01
=1.0405E+01
2. 69T6E+00
9,5313E-01
3.,0525E+01
3. 5297E+00
~1,0218E+03
4.3199E+01
7.2576E-01

=2, 8906E+00
3. 5297E+00

=5, 0953E +00
=1, 1877E+Q]L
-1.0405E401
2.69T5E+00
9.5313E-01
3.0525E+01
3. 529TE+0D
=1,0218E+03
403199E+0L
T.25THE=Q1

~2.8906E 400

-6.,6F2%3E-01
=1.5T95E400
=1.4022E+0C
3.9917E-01
1.4091E-01
3,5297E+00Q
5.2150E-01
=1.3574E0Q2
5.9092E200
9.T609E-02

»3.8982E-01
5,2150E-01

~6.6732E-01
=1.57T95E+0C
=1,4032€E+00
3,9915E-01
1-4091E=-01
3.5297E+00
S5.2150E-01
~1.3574E20Q2
5.9093E:00
9.T60%E=-02

~3,8982E-01
5.215C0E-01

-b.6735E=01
=1:5T95E+040
~1.4333E400
3.9914E-01
1.4091E-01
3.5297E+DD
5.2150E=01
=1.35T4E+02
5. 9093E+00C
9.T610E-02

~3,8982E=01

1.8426E+02
4.,315TE+D2
3.8ST1LE+D2
-1.1217E+D2
=-3,8865E+01
=1,0218E¢03
=1.3574E+02
5.6T22E204
~B.5%33E¢02
-2.7122E+01

1.0826E+02
=1.3574E+02

1.8427E402
4.378TE+D 2
3.85T1E+D2
=1.1217E+02
=3.886%9E+01
=1.0Z18E+03
=143574E202
5.6T22E+04
=8,5533E402
-2.T122E201

1.0826E+02
=1.35T4E«D2

1«8428E+02
4.3758E+02
3:B571E402
=-1.1217E+02
=3.8869E401
=-1.0218E+03
=-1.3574E+02
S5.6T22E4D%
-8.5924E202
=2.T122E+01

1.0826€E202

~8,90445 200
=2.086T3E+01
=1-8006EF +01
4.7263E+00
1.6782E+00
4.3199E+01
5.9092E+00
=B.5933E+02
1.2533E¢02
1.3330E+00

=5,0020E +00
5.9092E+00

=-8.9049E%00
«2.,06T3E 401
=1.8Q006E+01
4.7261E+00
1.6782E+00
4,3199E+01
52509 3E «00
=B.5933E+02
1.2533E+02
1.333CE+00

=5,0020E+00
5, 9093E ¢00

=8.9053E+00
=2.,0673E+01
=1 .80Q06E+01
%, T260E+00
1.6T82E +0C
4.3200E+01
5,93093E +00Q
=08,5934E +02
1.2533€+02
1.3330E+04Q

=5.0020E+00

=1:4263E-01
=3.3275E~01
-2.9122E=01
T.8086E~02
2.TS5T¥E=02
T.2975E=01
9. 7609E-02
=2,T122E+01
12333CE*00
2,351 4E-02

-8.0901E-02
9. THOE-02

=1.42b64E=01
=3.32756=-01
~2.9122E-01
7.8082E-02
2.75TTE=D2
7.25T6E-01
3. T610E=02
~2.7122E¢D1
1.3330E400
2.35L4E-02

=8,0901E~02
2. 7610E-02

=1.4264E=01
~3,3275e~-01
=2.9122E=01
7.8080E-02
2.TST1E-D2
Ta25T6E=QL
9.T610E~D2
-2, T122E¢01
1.333CE2QQ
2.3514E=02

~B.0902E-02



ST ADVI TYNIHTIO

ALITVAD ¥00d Jd0

16T

=6 6TISE~01 ~1«5795E+00 =1.4033E+00 3.9914E~01 1.4091E=01
TIME = (.34000E+01
RICCATI SOLUTION MATRIX
2.9060E+00 3.5TI2E+00 2.0442E+00 =5.3484E=01 =1,8415E~-01
3,57925 400  7.86632E+400 4.TT28E+00 ~1.444TE+D0 =4.4990E~01
2204426400 4 TT2BE+Q0  4.18105+00 -1.1259E+00 =3.9719E~01L
=5.3484E=0] =1.4447E+Q0 ~1.1259E+00 1.0369E+00 1.3492E=01L
=1l.B415E=01 ~4.4990E-01 =3,9719E-01 1.3492E=01 1.43T8E=D1
=5.0956E+00 =1,1878E+01 ~1.0405E+#01 2.56%75E+00 9.5314E-01
=G, 0T38E=0] =1.65T95E+00 ~1.4033E+00 3.9913£=01 1.4091E-01
1.84292402 4.375BE+02 3.89TIE+02 ~1.1216E4¢02 =3,8869E+31
~B.9056E+Q0 =2.0674E+01 =1 .BO0DGE+D1L  4,7259E+00 1.6782E+00
~1a4265E-0) =23.3275€~01 -2.9123E-01 7.8079E-02 2.757TE=D2
KCy THE TRANSIENT CONTROL GAIN MATRIX
5.6TBTE~01 1.3259E+00 1.1615E+00 ~3.1274E=01 =1.1034E~-D1
~6.6738E=0]1 =1.5795E+00 ~1,4033F+00 3,9913E-~01 1.4091E=-01
TIME = 0.32000%5+01
RICCATI SOLUTION MATRIX
2,906 1E+00  3,57T93E+00 2,0443E+00 =~5,3485E=-01 =1.8416E-01
3.57T33E+00 7.6633E400 4 TT29E+#00 -1.4%4TE+00 =4.4991E~01
2:0443E400  4,TI29E+00 4.16811E+00 ~1.1259E+00 =3,9719€E~01
=5.3485E=01 =1.444T7E+00 =1.1259E+00 1.0368E8+00 1.3492E-01
=1.84166=0]1 ~4,4991E=0]1 =3.9719E=01 1.3492E~01 1.4378E-01
=5.0957E+00 ~1.187BE+01 ~1.0G405E+0L 2.6975E+00 9.5315E~01
~b,6T41E=01 =1.5T95E+00 =1.4033E+00 3.9913E-01 1.4091E~01
1.8430E4¢02 4.3759E+02 3.8972E+02 ~1.1216E+02 =3,.8870E+D1
=8, 9M60E+00 =2,06T4E+D] ~1 .8006E+01 4.7259E+00 1.6782E+00
=1l 4266E~01 ~3.3276E-01 -2.9123E~01 7.B079E-02 2.TS7BE=~02
KCe THE TRANSTIENT CONTROL GAIN MATRIX
546790E=01 1.3259E+00 1.1&615E+00 =3.,1278E-01 ~1.1034E~01
=Hab6T41E=D] =1.5T95E+00 ~1.4033E+00 3.,9913E-01 1.4091E-01
TIME = 0Q.30000E+01
RICCATI SOLUTION MATRIX
2.9062E+00 3.5T94E+00 2.0443E+00 —5.3487E=01 ~1.8417E-01
3.57TF4E+00  TaG6I4E+D0 4 .TTII0E+00 =1.444TE+QD =4.4992E~01
2. 04436400 4,T7T30E+00 4.1B11E+00 ~1.1259E+00 =3.3720E=01
=5.34B7E~01 =1.444TE+00 ~1.1259E+00 1.0368E+00 1,3492E-01
=1, 841 TE=Q1 —4,4991E-D1 -3,9720E~01 1.3492E=01 1.4378E-01
=5.0959E+00 =1.1878E+401 =1.0406E+0)] 2,46975E+00 9.5317E=D1
=6,6T43E=01 =1.5796E+00 ~1.4033E400 3.9913E-01 1.4091E-01
1.B430E+02 4.3T6QE+02 3.B9T2E+02 —1.1216E402 =3.8B870E+01
~8,9063E+00 =2,06T4E4+0]1 ~1.8006E+0]1 4.T7259E+00 1.6TO3E+00
=1.426EE=01 =3,3276E=01 ~2.9123=01 7.807%~=~02 2.75I8E=02

3, 529TE+DO

=5, 0956E+00
~1. 18TBE+01
=1.0405E+01
2, 69THE+QD
Q. 53L4E-01
3.0526E+01
3.5298E+00
“1.0218E+D3
44, 3200E+D1
T.257TTE-D1

=2, 8906E+DD
3. 5298E+00

=5.095TE+00
~1. IBTBE+Q1
“1.0405E+01
2 69TRE+DD
9. 5315E=-01
3.,0526E+0]
3. 5298E+00
=1.021BE+03
4. 3200E+01
7.2578E=-01

[

=2.8%906E+00
3.529BE+00

=5, 0959E+00
=1.1B7T8E+0}
=L.0406E+01
2. 69T5E+00
9. 5317E=01
3.0526E+01
3.5298E+00
=)+ 0218E+03
%e 3201E+0L
T.25T9E-01

5.21506=01

=-6,6738E=01
=1.5795E+0Q
=1.4033E+00
3.9913E=01
1.40531E-01
3,52908E+00
5.2151E=-31
=1.3574E402
5.9094E+00
9.76811E=02

=3.8983E-01
5,2151E=01

—-6,6T41E~01
~1,57956400
~1.4033E400
3,9913E=01
1.4091E-01
3.5298E +00
5.2151E-01
~1.3575E+02
S.2094E+00
9,76126=02

-3,8983E-D1
S5+2151E=-01

=6.,6T43E=01
=1.5TI6E+0D
~1.4033E4+00
3.9913E-01
1.4091E=01
A,529BE+00
5,2152E=01
=1.3575E+02
5.9095E+00
9. TE1IE~02

=1.35T4E+Q2

1.8429E+02
4.3758E+02
3.86T1E+02
-1.1216E+02
=3,8869E+01
-1.0218E+03
“1l.35T4E+Q2
5.86T23E+04
~8e5936E+02
-2.7122€+01

1.0826E+D2
=1.35T4E+(2

1.8430E+02
4.3759E+02
A.B972E+Q2
=1.121€6E+02
=3.8ET0E+D]
~1.0218E+03
=1.3575E+02
5.6723E+04
=8.5%32BE+02
~2.7122E401

1.0826E+02
~1.3575E+02

1.8430E+02
4,3TE0E+D2
3.8972E+02
—1.1216E+D2
=3.8870E+01
-1.0218E+03
=1.3578E+02
5.6T23E+04
-8.5940E+02
=2.7123E+01

5¢3093E +00

-B8.90564E+C0
=2.08T4E+01
=1.8006E+01
4.7259E+C0
1.6782E+D0
4,.,3200E+01
5.9094E+00
=8.5936E+02
1.2533F+02
1.333CE+20

~5.0021E+00
5.9094F 00

~8.9060E+00
=2.06T4E+01
=1.8006E+D1
4.T259E +00
l.6T82E+00
4.3201E401
54909 45 +00
=8.5938E+02
1.2533E+02
1.3230E+00

«5.0021E+00
54909 4E +00

-8 ,9063E+00
-2 06THE+D]
~1.8006E+01
4. T259E+0)
1.6783E+00
4.3201E+0]
5.9095E +Q0
8. 5940E +02
L.2%34E+02
- 143331E400

9. 761 0E~02

=1.4265E=-01
~3.3275€=-01
=2.9123E-01
T.8079E=02
2.7TSTTE-02
Ta257TTE=Q1
2,761 1E-02
=2.T122E+01
1.333CE+00
2.3514E=-02

=8,0903€=-02
9.7611E=02

~1.4266E=01
~3.3276E=01
=2.9123E=01
7.8079E~-D2
2.7578E=-D2
T.2578E-01
9.TEL2E-02
=2.T122E+01
- 1333 CE+00
2.3514E-02

=8.0904E=02
G. Tl 2E=02

~1.,4266E-01
-3,3276E=-01
-2.9123E~01
7.8079E~02
2,7578E=02
7.2579E=01
9,761 4E=02
-2.7123E+01
1.3331E+00
2.3515E~02



¢ST

KCy
5.67915=01

1.3259€4+00

THE TRANSIENT CONTROL GAIN MATRIX

1.1615E¢00 -3,1278E~0]1 ~1.1034E~0Q1
=6 b6T435=01 = 1.5796E+00 ~1.4033E+00

RICCATI

2.9062E+00 3.5T95E+J0 2.044%44E+00

3.5795E +00
204445400

766356400
4.TTALE+DQ

4e TT31E40D
4.1812£+400

—5,34895=0]1 =1.444T7E+00 =1,12592+00
=1.84185-01 =4.4992C~=01 =3,.9720€6-C1
=5,0961F 400 =1.1878E+0} =1.0406E+01
—ELBT45E+D] =1.5796E+0Q =1.4033E+00

1.84315+02

4.3740E+)2

3.8973E+02

~8,9065E+00 =2.0675E+01 ~1.8007¢+01
=1.4266E=01 -3,3277€~01 -2.9124E=-01

KLy
5.67T93E=01

1.3260E+09

1.1615E+00

=6.6T453=0] =1.5T96FE+00 ~1,4033E+00

2+9063E+07
3, 57945 +00

3.5796€E+420
T 66 36F +00

RICCATI
2.0444F +00
4,7731E€4+00

2.04445+00 4sTTILE00 4,181 2E+00
m1, 444 BE 400 =1,125%E+00

=5.3491c-01
=1.8418F=-01
=5,096 2F +00
b, 67T4TE-D1

1.843 16402
=A.9068Z+00
=-1.4267E=01

KCs
5,6T956=01

=4.49938-31
-1.187BE+01
=1:5796F +00

4.3761E4)2
=2.0675F+01
~3,32T7TE~31

1.43260E+00

=3,9721E-01
~1.0406F+01
~1.4033E+00

3.89730+02
=1.8Q07E+01
=2,9124E=01

1.1615E+400

THE TRANSIENT CONTROL GAIN MATRIX

THE TRANSIENT CONTROL GAIN MATRIK

“ b bhT4TE=01 =1.5T96E+00 ~1.4033E+00 3,9914E-01

22906 3E +00
3.5796E+20
2o D44 5E +30
=5, 3493E=-01
=-1.84192-01
~5.0563E+20
=6 &ET4RE~DL
1.8432%+02

3.5796E+00
T.663TE+DD
4. 7TIZE+0Q0
~1.4448E+00
=-4,4994E=01
=1.1878E+01
~1.5796£ +00
4.3TH2E+02

RIGCATI
2.0443C+00
4. TT32E4+00
4.1813F+00
=-1.1259E+00
=3.9721E-01
=1.0406F+(C1
=1.4033E+00

3.89T4F (2

3.9913E~-01 L1.4091€-01

TIME = (,280008+01

SOLUTION MATRIX

-5.3489E~01 ~1.B8418E-01
=lo444TE+QC —4.4992E-01
~1.1259E+00 =3.9720E-01
1.036BE+00 1.3492E~01
1.3492E-21 1.437BE-01
2.69156+0Q0 9,.5318E-01
3.9913E-31 1.4D91E-01
=1.1236E¢02 =3.8870F+01}
4. T260E400 1.6TB3E+D0
7.8079E~02 2.7578E-N2
=3,127BE=01 ~1.1034E=01
3.9913E=01 1.4091E-01

TIME = 0.,26000E+01

SOLUTION MATRIX

~5.3491E~01 ~1.8418E=C1
=1,4448E+30 =4.,4993E-01
=1, 1259€+00 -3,9721E-01
1. 9368E+00 1.3492E-01
1.3492E-01 1.4378E~-0)
2.6975E+00 9.5319£-01
3,9914E~21  1.4091E-01
=1.121TE+D2 =3.88TLIE+D1
4.T260E+0D 1.67H3E#C
T.BOBOE-D2 2.7579E-02
=3.127BE-01 =1.1034E-01
1.4091E-01

TIME = 0.24000E+01

SOLUTION MATRIX

~5.3493E=-01
= 1.4448E+00
=1.1259E+00
1.0368E+00
1.3492E=01
2.6575E+D0
3.9914E=-D1
=1l.12L7E+02

=1.8419E-D01
=4 o 4994E-D1
=3.9721E-01
1.3492E=01
1l.437TBE=D1
9.5320€=-01
1.4091E=-01

=2.8907E+00
3.5298E +00

=5. 096 LE+0Q
=1,18T78E+01
=1.04D6E+01
2. 6975E+D0
9.5318E=-01
3.052TE+01
3. 5299E 400
~1.0218E+03
4. 3202E+01
T«2580E-01

~2+ B907TE+00
3. 5299E+400D

=5, 0962E+00D
=1.1878E+01
=Ll 0404E+D1
2. 69TSE+OD
9.5319E=01
3.0527E+D]
3. 5299E+00
=1.021BE+03
4¢3202E4D1
T.2580E-01

~2x 893TE+QD
3.5299E+00

-5, 0963E+00
~1.1878E+0]
=1.0406E+01
2. 6975E+D0
9.5320E-01
3.052TE+01
3. 5300E+00

=3,8984E-01
5,2152E-01

=66 T45E=01
=1.5T94E 400
=1.4033E+00
3.9913e-01
1.4091€-01
3.5299E+0C
5.2152E~01
~1.3575E+4+02
5.9096E+00
9.7615E=02

-3.8984E-01
5.2152E-01

=6.674T7E-01
=1.57T96E+00Q
=1.4033E+00
3.9914E-01
1.4991E~D1
3.5299E+400
5.Z2153E-01
=1.357SE+02
5.909TE+00
G.TH16E-D2

-3,8985E-01
5.2153E-01

=6.6T4BE~01
=1.5796E+00
~1.4033E +00
3.9914E-01
1.4091E~01
3.5300E+H0Q
5.2153E~01

=3.8BTLE+0 1 —1.0218E+403 ~1.3575E+02

L.OE2TE+D2
=1.3575E+02

l.8431E+Q2
4,376CE+D2
3.9973E+02
~1.1216E+Q2
~3,HBBTOE+D]
~1.0Z18E+0D3
~1.35715E+02
5. €T24E 404
~8,5542E4+D2
=2.,T123E401

1.0E27E102
~1.3575E4+02

1.8431E+02
4.37&1E+Q2
3,8673E+D2
=1.1217E+0D2
=3,8BT1E+01
~1.0218E+03
=1.3575E+02
S.6T24E+04
~B8.5944E+02
=-2,7123E+01

1.082TE#D2
«1,3575E¢02

1.8432E+02
4.37162E0D2
3,8974E+02
=1.1217€+02
~3.887T1F+01
~1.0218€+03
=1.2575E+D2
5.6725E+0%

=-5.0022E+00
5.9395E +00

-8.9065E+00
~2.0675E+CL
=1.8C07E+0L
4+ T260E+00
1.6783E+00
4.,3202E8+01
5. 95096E +00
-8.56426+02
1.2534E+02
1.3331E+0C0

=5.0023E +00
5. 90946E +0Q

=8.,9068E+00
=2.0675E+01
=-1.8007E+01L
4+7126CE+00
L.6783E+00
4,3202E+01
5.909TE+0Q
~B.5944E+02
1:.2534E+02
1.3331E+00

=5.0023E+00
S5.9097E+00

=8.90TCE+D0
=2.08T5E+01
=1l.8007E+01
4. T261E400
1.64783E+00
4,3202E+01
5.909.7€ +00
=8,59456E+02

~B.0905€~02
9. TE14E=-02

=1.4266E~01
=3.3277E-01
=2.9124E=01
T80B0E=02
2.7578E=-02
T.2580E=-01
D.T615E=02
=2,T7123E+01
1.3331E+00
2.3515E=-02

=-8,0906E=-02
9.7615E=02

=-1.4267E-01
-3.3277E-01
=2,9124E-01
7.8080E-D2
2. T5T9E~D2
Ta2580€-01
9. 761 6E-Q2
=2.TL23E+01
1.3331E4+00
2.3515E=02

-8.0907TE=-02
9.78616E=D2

=1.4267E=-01
-3.3278E~01
=2.9124E~0
7.8081E=0D
2.7579E~02
T.2581E=21
9. 761l TE=02
=2.T124E+01



€81

=8.90TOE+00 =2,0675E+01 —1.8007E+0L
=1e426TE=01 ~3.3278E=-01 =-2.9124E=01

KCy
5.,6796E-01

2. 906 4% 00

1.3260E+00

3.5797E+00

THE TRANSIENT CONTROL GAIN MATRIX

4. T261E+00
7.8081E-02

1.67TA3E+00

2.7579E=D2

L.1616E+00 =3,1279E-01 =1.1035E~01

=6, 6748501 =1.5T96E+00 =1.4033E+00

kS

RICCATI
2. 0445E +00

3.579TR 400  T,663RE+D0 4.7T7T33E+00
2204457400 4.7T33€+00 4,181 3E+00

=5.3495E~01
= 1. A419E=31
=5.09645470
~6.6T50E=01L

1.8432F+02
=-8.90T 15404
=1ls426T7E=01

KC, THE TRANSIENT CONTROL GAIN MATRIX

5.67T9TE=01

=1a4448F+00
~4. 4994E=-21
«l.1879E+01
~1.5T96E+00

4.3T62E402
~2.0675E+D1
~3.327BE-01

1.3260E400

=1.1260E+030
=3.97226=-01
=1.0406E+01
=1.4034E+00

3.8974F+02
~1.8007E+01
-2.9125E~01

1. 161 6E+00

=62 67T50E«N] ~1,5796E+00 =1.4034E+00 3.9915E=01

RICCATI

2.90645400 3.579BE+00 2.0445E+00

3. 5798E+00
2. 0446E+00
=5, 3496E=01
=1.84195=01
=5.09655+00
=5.6751E=01
L.8433E+02
-E.2073E+00
- 1. 4268E=-01

7.6638E+00

4.,TI33E+00
=1.4448E+0Q0Q
-4, 4G95F=01
~1.1879E +01
~1.5T97E+00

4.3763€402
=2.06T&E+01
~3,3279E-01

4.TT33E+00
4.1B13E+0D
-1.1260E+00
~3.97226-01
~1.0406E+01
~1.4034E+00
3.EIT4E+02
=1.8007E+01
=2.9125E={1

3.9914E-901 1.4091E=01

TIME = 0,22000E+01

SOLUTION MATRIX

=5.3495E=31 =1.8419E=01
= La 44 4BE+ 00 «4.4994E=01
=1.1260E400 =3 ,9722E=01
1. 0368E+00 1,3492E~01
Le3492E~01 1.4378E-01
2+697T6E+00 9.5321E=01
3.9915E=-01 1.4092F=01
=1.121TE+D2 ~3.8872F+01
4. T261E+00 1.67R3E+00
T.8082E=-02 2.T5T9E-72
=3.1279E-01 ~1.1035€=-01
1.4092E=-01

TIME = 0.20000E+01

SOLUTION MATRIX

=5,3496E~01

KCy THE TRANSIENT CONTROL GATN MATRIX

5.67T98E=01

1.3260E +00

1. 1616E+00

“6.6T51E=01 =1,5797E+00 ~1.4034E+90 3,991 5E=01

2490645400
3.5T98E400
2+40446E+00

3.5798E+00
T.6639E4+00
4.TT34E+DD

RICCATI
2.0446E+00
4o TT34E+00
4+181 4E+00

“5eMITE=I1 =1.4448E+00 =1.12606+00
~1.R420£=01 =-4,4995E=-01 ~3,9722E-01

~1.8419E-01

=1.444BE+Q0 =4.4995E-01
~1.1260E400 =3.9722E=0}
1.0368E+00 1.3492E-D1
1,3492E=01 1.437T8E=D1
2.69T6E+QD 9.5322E-~01
3.9915E=01 1.4092F=01
=Ll 121 7E+02 =3 ,88T2E+D1
4u TZ62E+00  1.6TB4E+0D
T.80B3E~02 2.7580£~02
=3.1279E~01 =1.1035E~D1
1.4092E=-01
TIME = (.18000E+01
SOLUTION MATRIX
=5.3498E~J1 -1.8420E-01
=1.4448E+00 =4,4995E=-01
=1.1260E+00 =3.9722E-01
1. 0368E+00 1.3492E-01
1.3492E=-01 1.4378E-D]

4. 3203E401
7, 2581E-01

=2.8908E+00
3.5300E+00

=54 096 4E +00
~1.1879E+01
-1.0406£4D1
2. 69766400
9.5321E-01
3.0527€+01
3.5300£+00
-1.0218E+03
42 3203E+401
T.2582€~01

=24 890BE+30
3.5300E+00

=5, 0965E +00
=1l.1875E+D1
=1.0406E+01
2.69T6E+00
9.5322€~01
3.0528E+01
3.5300E+Q0
=1.0219E+03
44 3203E+01
T.2583E-01

~2.8908E+00
3. 5300£+00

=5.0966E+00
-1.1879E+01
~1.0406E+01
2. 69T6E+0D
9. 5323E-01

5.9097E+00
9.7617E=-D2

=3.8985E~01

5.2153E-01

=6.6750E-01
=1.5796E+00

=1.40345+400

3.9915E=-01
1.4C92E~01
3.5300E+00
G2 2154E~01
=1.3575E40¢2
5,.9098E+D0
9. T61BE-D 2

=3.8985E=01
5.2154E=01

b 675 1E=C1
=1.5797E+30
=1.4034E+00
3.991%E=01
1.4092E=01

3.5300E+00

5.2154E=D1
=Ll.3575E+0z
" 5.9098E+00
9.7615E=-02

—~3.8986£-01
5.2154E=-01

=6.6752E8=01
=1.579TE+0C
=1.4034E400
3.9915E-01
1.4092€~01

=8.5%4€E+02
=2+ 7124E+31

1.0827E+02
~1.3575E+02

1.8432E+02
4.3TLZE#D2
3.BST74E+02
~141217E+D2
=-3.8872E+01
=-1.0218E+03
=1.3575E+02
5.6725E+04

~=8.564TE+Q2

=2.T124E#Q1

1.082TE+02
=1.3575E+02

1.8433E+02
4.3TE3E+02
3.89T74E+0Q2
=-1.1217€+02
~3.88T2E+01
~1.0219E+03
=1.3575E+02
5.6T25E+04

~8.5949E+02

=2.T124E+01

1.082TE+D2
=1.3575E+D2

1.8433E+02
4.3763E+02
3.8975E+02
=1.1217€+02
~3.8872E+01

1.2534E4+02
1.3331E+30

~5.0024E+00
5.909TE+{QQ

=8,90T1E+0J
=2.0675E+01
=1.8007E+0]
4. T261E+00
l.6783E+00
4.3203E+01
5.9098E +00
=8.594TE+)2
1a2534E02
1.3331E+0)

=5.0024E+00
5.9098E+20

=8.9073E+00
=2.06T6E+(1
=1.8007E+01
4.T262E+00
1.678 4E+00
4+3203E+01
5.9098E+00
=~8.5949E+02
1.2834E+02
1.3331E+00

=5.0025E+00
5.9098E+00

=8.20T4E+00
~206T6E+Q1
=1.800BE +01
4.T262E+0)
1.6TA4E +00Q

1.3331E400
2.35156=-02

~8.0908E-02
3. T6LTE~D2

~1la4267E=-01
=3.3278E-01
=2.2125E=01
T.8082E-02
247T579E=-02
T.2582E=01
9.7618E=02
=2.7T124E+01
1.3331E+20
2.3516E=02

~8,9G608E=-02
F.7618E=02

~1.4268E~01
~3.3279E=-01
=2:91256=-01
T.8083E=02
2.7580E=D2
T.2583E=01
9.T61 9E=02
=2.T124E+01
L.3331E+00
2.3516E=-02

=-8,0909E-p2
9. 761 GE~0Q2

-1.4268E=01
-3,3279E~01
=2.9125E=01
7.8084E-02
2.75808-02



Pau

2.0%6TE+00 4. TT356¢00 4.1814E¢00 =1.1260E+00 =3.9723E-01

=5.35D0E=01 =1.4449€400 -1, 1260E+00 1.0358E+0D0
~1.84205=01 =4.4996E-01 =3.9723E~01 1.3492E-01
~5,006TE4DD =1.1879E401 —~1.0406E401 2.697TE+00
=6, 6754F=01 =1.,579TE+D0 =1.4034E<00 3.9917E-01
1.842354¢02 4.3764E402 3.897SE+02 =1.1217E¢02
~8,907TTE+00 =2.067T6E+01 =1.BO0BE+DL 4.T264E+00
«1.4268E=01 =3.32806-01 =2.9126E-01 7.8086E-02
KCy THE TRANSTENT CONTROL GAIN MATRIX

5.6801E=01

1.3261E400

1.1616E+C0O

=3,1281E~01

—6,6754E=01 =1,5797TE420 =1.4034E+00 3.9917E-01

RICCATI

TIME =

0.

1.3493E-01
1.4378€E-01
9,5325E=-01
1.4092E-01
=3,88T3E+D1
1.6784E+DD
2.7SB0E-02

«1.1035E-01
1.4092E=01

10000E¢01

SOLUTION MATREX

2.9065E400 3.5T99E+00 2.044TE+00 ~5.3501E-01 —1.8420E~01
3.5T99E 400  T.6641EH00 4.TT735E+00 =1.4449E¢00 «4.4997E-01
2,044 7400 4.TT3SE400 4.18156+00 ~1.1260E400 -3.9723E-01
~5.3501E-01 =1.4449E+00 =1.1260E¢Q0 1.036BE¢00 1.3493E-01
~1.8420E-01 =4,499TE=01 =3,97236=01 1.3493E~01 1.4378E-01
=5,0968E 400 ~1.1879E+0L —1.0406E+01 2.6978E+00 9.5325€-01
=6.6755E=01 =1.5797E+00 =1,4034E400 3.991TE-01 1.409ZE-01
1.8434E402 4.3765E+402 3.89T76E+02 =1.1217E+02 ~3,.8873E+01
a8, 90T TELDQ «2,067TTEF0OL —=1.B008E4+01 4. T7264E+00 1.6T785E+00
-1.42686-01 —3.3280E~01 -2.9126E~-01 T.8087E~-02 2,.T581E-02
KCy THE TRANSIENT CONTROL GAIN MATRIX
S.6001E=01 1.3261E+00 1.1616E+00 ~3,1281E-01 -1.1035E-01
~6.6755E=0) =1,579TE4D0 =1,4034€+00 3.991TE-01 1.4092E-01
TIME = 0.80000E+00
RICCATI SOLUTION MATRIX
2.9065E+00 3.5TYYE+D00 2.0447E+00 —5.3502E~01 =1.8421E-D1
1, 5799E+00  T.6642E+00 4.TT35E+00 —1.4449E+00 —4.499TE-0}
2.044TE+00 4.TT35E400 4.1815E+00 ~1.1260E+00Q -3,9724E-01
=5,3502E=01 =1.4449E+00 =1.1280E+00 1.0368E+0Q 1.3493E-01
=1.B421E-01 —4.,4997E=01 ~3,9724E-01 1o3493E~01 1.4378E-01
=5,09686400 -1.1879E+01 ~1.0407E+01 2.6578E¢+00 9.5326E-01
—6,6T55E=01 =1.579TE+D0 =1, 4034E+00 3.9917E-01 1.4092E-01
1,8434E402 4.3765E402 3.89T6E¢02 =1.121TE+02 —-3.8873E+01
~H0,907BF +00 =2,06TTE401 ~1.800BE+01 4.7265E+00 1.6TH4E+00
=1.4269E~01 =3.3280E-01 —2.9126E~01 7.8087E-02 2.7581E-D2
KCy THE TRANSIENT CONTROL GAIN MATRIX
5.6801E=01 1.3261E+00 1,.1616E+00 =3.1281E~01 =1.1035E~D1
—6,6T55E=01 =1.5T9TE+00 =1.4034E+00 3.991TE~01 1.4092E-01

TIME =

0.60000E+00

=1.0406E+01
2.69TTEX0D
9, 5325€-01
3.0528E+01
3, 5301E #00
=1.0219E+03
4. 3205E+01
7. 258 4E~01

=2.8909E+00
3. 5I01E+00

=5.0958E¢00
~1.187IE +01
-1.0406E+01
2o 69TAE+OD
9.5325E-01
3.0529E+01
3.5301E+00
~1.0219E+03
4. 3205E401
7.2585E-01

=2, B9O9E «0D
3.5301E+00

=5.0958E+00
=1. 1B79E+01
=1.0407E+01
2. 69T3E+00
9. 5326E-01
3.0529E+C1
3. 5302E+00
=1,0219E+03
44 3205E401
T.2585E=01

=2.8909E+00
3,5302E+00

=1.4034E900
1.9917E-01
1.4092E=01
3.5301E+00
5.2155E-01
=1.35T&E®(}2
5.9100E+00
9,7621E~02

-3,8987£-01
5.2155€-01

-6,6755E=01
-1.5797E+00
~1.4034E+00
3.9917E-01
1.4092E~0 1
3.530 1E+400
5,2156E=01
=1.3576E¢02
5.91C0E +00
9,7622E=02

~3.8987E~01
5.2156E-01

=6,6755E=01
=1.5T9TE+00
=1.4034E+00
3.9917E=01
1.4092E-01
3.5302E+00
S.2156E-01
=Lla35THE+D2
5.9100E+00
9.76228-02

=3.8987E~01
5.2156E-01

3. 89T7T5E+02
=1:121TE+D2
~3.8873E+01
~1.0219E+03
=1.35T6E+D2

S.£T26E+04
-8.5953E+02
-2 T125E+01

1.0827E+02
=1,357T6E+02

1.8434E¢02
423765E402
3.89T6E»D2
~1.1217E%Q2
3 ,8873E+01
=1.0219E+03
=1.,35T£E+02
5.6T2TE+D4
~8.5954E+02
~2.7125€401

1.0827E+02
=1.357¢E¢02

1.8434E+02
4.3T65E+02
A.8876E+02
~1.,1217E+02
~3.8873E+01
~1.0219E+03
=1.35T&E+Q2
S.E6T2TE+D4
-8.5955E+#02
=2.T7125E+01

1.0827E+02
=1.357T4E+02

=1.8008E+01
4.T7264E400
1.6784E200
4.3205E+01
5.9100E+00
=-8.5953E+02
L.2534E202
1.3332E+00

=-5.0026E+00
5. 9100E+00

-8.9CTBE+00
=-2.06T7TESOL
«+1,8008E+01
4.T264E+00
1.6T84E+0D
4,3205E+01
5.9100E+00
=8,5954E¢02
1.2534E+02
1.3332E+00

=5.0026E +00
5.910CE+00

=-8,9078E+00
=2.06T7E+01
=1.8008E+01
4. T265E+00
1.6784E+00
4,3205E+01
5.9101E+00
=8.59556+02
1.2534E+02
1.3332E+00

=5.0026E +00
5.91C0LE+0Q

=-2.9126E~01
7.8086E-02
2.T580E=-02
T.2585E=01
9. T621E=02
=2.7125€+01
1.3332€4200
2.3516E=02

~8,091 LE=02
9.7621E~02

-1.4268€=01
~3,3280E~01
-2.9126€-01
7.8087€=02
2.7581E=02
7.25856=01
9.7622E=02
«2,7L25E+01
1.3332£+00
2.3516E-02

=-8.0912E-02
9.7622E=02

=1:4269E=01
-3.3280E=01
=-2.9126E-01
7.8088E=02
2.T581E=-02"
T-2585E=01
9. TE22E=02
=2, 71256401
1.3332E400
2.3517E-02

=8.0912E=02
9. T622E=02



Ge1

2.044TE4QD 4. TT3S5E+D0  4.18L4E+00 «1,.1260E+00 ~3,9723E-01

2.9065E+00
3. 5799E +Q0

=5.3502E~-01
=1, 842 lE=G1
=5.0968E 420
=~6,6755E=01

1. 8434E+0 2
=8, 907 8F +00
~1l.4269E-01

RICCATI
3.5T99E+00 2.0447E+00
Te6642E+D0 4.TTISE+0D

2.044T7E+00 4.7735E+00 4. 18] 56+00
=1.4449E400 =1,1260E+00
=4.499TE=01 ~3.9724E-01
=1.18T7T9E+0]1 -1.0407E+01
=1.5797E+D0 -1,4034E+00
4,37656402 3.8976E+02

=2.,067TTE+QL ~1.8008E+01
=3.3280€-01 -2.9126E-01

.

KCy THE TRAMSIENT CONTROL GAIN MATRIX

5.6801E=G1

1+3261E+00

1.1616E+D0

=6+ 6T555=01 =1.57T9TE+00 =1.4034E+00 3,991 7€=-0L

=5.35006=01 —1.4449E400 ~1.1260E+00 1,036BE+00 1.3493E-01
=1a8420E-0]1 =4,4996FE-01 =3,9723E-01 1.3492E-01 1.4378F=01
=5.096TE+00 =1.1879E 401 -1.0404E+01 2,6977E+00 9.5325E-01
~6.6754E=01 =1.579TE+00 ~1.4034E+00 3.9917E=01 1.4092E=01
1.84335+02 4.3T64E402 3.8975E+02 =1,1217E+02 =3,.B8T3E+01
=B 90TTZ¢00 =2.06T6E+01 =1.R008E+01 4,.TZ264E+00 1.6784E+00
=1.4268E-01 =3.3280E-01 -2.91286E=01 7,8086E=02  2,758DE~02
K€y THE TRANSIENT CONTROL GAIN MATRIX
5.6801E-01 1.3261E+0D 1.1616E+00 =3,1281E~01 =1.1035E=01
~6.8754E=01 =1.579TE+I0 =1.4034E+00 3.99L1TE~01 1.4D92E-01
TIME = (0.10000E¢01
RICCATL SOLUTION MATRIX
2. 9065400  3.5799E+00 2.0447E+00 ~5.3501E=-01 ~1.8420E-D1
3.5799E 400 7.6641E4+00 &4.T73ISE4+00 ~1.4449E+00 =4.499TE=-DL
2. 04476400 4.7735E40C 4, LOLSE+00 =1,1260E+00 =3,9723E=01
~5.3501E=01 «1.4449E+400 =1.1260E+00 1.038BE+00 1.3493F=-01
~1.8420E-01 =4.499TE=01 =3.9723E~01 1.3493€-01 1.4378E-D1
. =S5.0968E+00 ~1.1879E+01 -1.0406E401 2.6978E+00 9.5325E~01
=64 6755E=0]1 =1a5797E+00 =1.4034E+00 3.991TE-01 1.4092E-D1
128434E402 4,3AT45E+02 3.89746E+02 =2, 121 TE+D2 -3 ,B873E4+D1
=~ 8,907 TE4D0 ~2,06TTE+DL = 1.8008E+01 4.T264E+00 1.6T84E+DQ
~1.42686=D] =3,3280E=01 -Z.9126E~-01 7,.8087E-02 2.7581E-D2
KCy THE TRANSIENT CONTRODL GAIN MATRIX
5,6801E-01 1.3261E+00 1.1616E400 ~3,1281E-0] -1,1035E-D1
=6, 8755E=01 =1.57T9TE+0D ~1.4034E+00 3,991 TE=01 1.4092€-01
TIME = D.BO0000E+DO

"SOLUTION MATRIX
=5,3502E=01 =1.8421E=01
=1, 4449E +00 =4 .499TE=01
=1.1260E400 =3.9T24E=01
1. 03686400 1.3493E~01
la3493E-31 1.4378E=-D1
2. 69TBE*DD 9.5326E-01
3.99L7E=01 1.4092E=01
=1,1217E+02 =3, 8873E401
4.T265E400 1.67B4E+00
7.8087E-02 2.7581E-02
«3.1281E=01 =1.1035E=01
1.4092E=01

TIME = 0.50000E+00

=1.0406E+01
2.69TTE+DO
9, 5325E~01
3.0528E+01
3. 5301E +00
=1.0219E +03
44 3205E+01
T1.2584E=01

=2.8909E+00
3. 5301E£+00

=5.0968E+0D
=1. 1879E +01
~1.0406E+01
2. 569TBE+00
9.5325E~01
3.0529E+01
3.5301E400
=1.0219E203
4. 3205E401
T.2585E-01

=2+ BSOFE+D0
3.53Q1E+00

=5.096B8E+00
=1. 1879E+01
~1.040TE+Q 1L
2. 69TRE+OD
9., 5326E~D1
3.0529E401
3. 5302E+0D
~1.D219E+03
4+ 3205E401
T«2585E=01

=2+ B9DYE+DD
3.5302E+00

-1.4034E+00
1.9917€-01
1.4092E=01
3.5301E +00
5.21556=01

-1.3576E402
5.9100E+00
9.7621E-032

=3.,8987E-01
5.2155E=-01

~6.6755E=-01
~1.5797E+00
=1.4034E+0¢
3.9917E-01
1.4092E-01
3.5301E+00
5.2156E=-01
~1.3576E+02
5.9100E+00
9.7422E-02

~3.8987E~01
5.2156E=-01

~6.6755E=-01
=1.5T97E+00
=1.4034E+00
3.9917E~01
1.4092E-01
3.5302E +00
5.2196E-01
=1.3576E+02
5.2100E +00
9.T622E-02

~3.8987E-01
5.2156E=01

3.8975E+02
=1.121TE+02
=-3.8BT3E+01
~1.0219E+03
=1.35T6E+02

S+&T26E+04
-8+ 5553E+02
=2.T125E+01

1.082TE+Q2
=1.35TEE+02

1.8434E4+D2
4o3T745E+02
3.8576E+D2
=1.121TE+02
=3.8873E+01L
~1.0219E+03
=1.35TEE+D2
5.672TE+D4
=B.5954E+0 2
-2«1125€+01

1.082TE+D2
~1l.357T&E+02

L+8434E+02
4.3T65E4+02
3.8578E+02
=1.1217E+02
=3.8873E+01
—1l.0219E+03
=1l.3576E+02
5.€12TE+04
~8.5955E+02
~2.T125€+01

1.0827E+02
=1.35T6€4+02

=1.800BE +01
4.T264E+00
1.6784E+00
4.32058+01
5.9100E+00
=-8.5953E +02
1.2534E+02
1.3332E+00

=5.0026E400
5.9100E+00

~8,9CT8E+00
=-2.067TE+01
-1.8008E+01
4,7264E400
1.6 TB4E +00
443205 +01
5.9100E+00
=B .5954E +02
1,2 5348 +02
1.3232E+00

~5.0026E+00
5.9100E +00

~8.9078E+00
~2.06T7E+01
= 1.8008E +0]
4. T265E+090
1.6T84E+0Q
%« 3205E+01
5.9101E+400
~B.5955F+02
1.2534E+02
L.3332E+00Q

~5.0026E +00
5.9101E+0Q

=2.9126E=01
7.8086E-Q2
2.7580E~02
7.25856-01
9.76218-02
~2.7125E+01
1.3332E+00
2.3516E=02

=8.0911E~Q2
9.7621E=-02

-1.4268E=-01
=3.32806-01
=2.9126E~01
7.8087E-02
2.T581E=-02
T.2585E-01
F.TE22E-02
~2.T125C+01
1.3332E+00
2.3516E-02

-8,0912E~02
9. T7622E-02

=1.4269E=01
-3,3280E-0L
=2.9126E-~01
7.8088E~02
2.7581E=02
7.25856=01
9. 7T622E-02
=2.T125E+01
1.3332E+00
2,351 7€E-02

-8.0912E-0Q2
2.7622E-02



96T

7.9065E+00
3. 57992 +10

3.5800€+00
T+.6642E+00

RICCATI
2.044TE4+00
4. TT36E+00

2.044TE400  4.TTIGE+00  4,1815C+400
=5,3832E-01 =1.4449E+00 =1, 1260E+00

~1.84215=-01
~5.09685¢20
-h, 875 5E~01

1.8414%+D2

- 4,499 TE-01
=1.1879E+71
-1.5797E+DD

403T65E+D2

=3,9724E-01
~1.QG407E +01
=1.4034E+00
3.,8976F+Q2

=8, 907BE+00 =2.06TTE+01 —1.80088+01

-1+4269E=01

Ky
5.68026-01

=3.3280£-01

1.3261E+00

-2.9126E=01

1. 16156E+00

b, 6TTSE=01 =1.5797E+00 =1,4034E+00

RICCATI

2.9065£+30 3.580CE+00 2.0447E+00

3. 58002 +00

T6642E+00

4. TT36E+00

2.044TR D0 4LTTILEHID 4,181 5E+D0

SOLUTION MATRIX

=5.3502E~01 —1.8421E~01
=1.4449E+00 =4.,4997E=-D1
=1:1260E#+00 =3,9724E~01

THE TRANSIENT COMTROL GAIN MATRIX

1, 0368E+00 1.3493E-01
1.3493E-01 1.4378E-01
2.69TBE+00 9.5326E-01
34991 TE-01 1.4092E=01
=1.121BE+02 =3.8874E+01
42 T265E 400 1.6784E+00
T7.8088E=-D2 2,.71581E-02
=-3,1281€~01 -1.1035E=01
3.9917E=01 1.4092E-01
TIME = 0.40000E+00

SOLUTION MATRIX

=5.3503E=01 -1.8421E-01
~1.4449E+00 =4.499TE-01
«1.1260E+30 =3,.9724E~01

“5,3503E=01 = 1.4449E+00 ~1,1260F+00 1.0348E+00 1,3493E-0C1
=1 B421E=D1 ~&.4997TE=-01 =3.9724E~01 1.3493E-01 1.4378E-01
-5, 0968E+0C =la1BTOE+0L =1.0407E+01  2,569TBE+00  9.532TE~D1
~6.6T56E=01 =1,5T98E+00 =1,4034E400 3.9918E-01 1.4092E-01

1.B434E402  4.3765E402 3.897460+02 —1.1218E+02 =3,8874E+01
~8,00795 400 =2,067TE+01 -1,R008E+01 4. 7265E+30 1.6784E+00
=1, 4269E=01 =3.32B0F-01 -2.9126E~01 7.8088E~02 2.7581E-02
KCgs THE TRANSTENT CONTROL GAIN MATRIX

S.68026=01 1.3261E+00 1,1614E%00 =-3.12826-01 -1,1035€E-01
6 6TSHE=01 =1.57FRE4ND » 1. 4034C+400 3.9918E-01 1.4092E-01

TIME = 0.20000E+00

2.2065E+00
3, 5800F+00
2.04472+00
=5,3503C-01
=1.8421E~01
=5.0969E ¢0Q
-8, 6TH56E~01
1.B434E+32
-8,9079c+00
=1.4269C-01

KC,
5.6802E~01

3.5800FE+30
T26642E+00
4., T13I6E+D0
= 1e8449E +00
—4 o 4F9RE=D1
=1.1979E+01
~1.5TIRE+OD
4,3T65E+N2
=-2.06TTE+D1
=3,32B1E-01

1.3261E+0C

RICCATI
2.044TE+0Q
4. TT36E+00
4. 1BL5E+00
=1,1261E+DQ
=3.9724£~01
=1.040TE+DL
«1.+4034E+00

3,8976E+02
-1.80085+01
=2.9126E-01

1. 1616E+00

-t 6THEE=01 =1,5TIBE+00 =1.4034F+00

SOLUTION MATRIX

-~5,3503E=01 =1.8421E+01
=1.4449E400 =4.499BE-DL
=1.1261E+00 ~3,9724E-01

1. 0368E+00
1+3493E~01
2.6978E+00
3.9918E-01
~1.121BE+02
4. T265E+Q0
7. 8089E~-02

THE TRANSIENT CONTROL GAIN MATRIX

-3.,1282E=-01
3, 991 BE=01

1.3493€-01
1,4378E-01
9.532TE-01
1.4092E-01

=3.8874E+01

1.6TR4E+00
2.TS5B1E=-D2

=1.1035E=01

1.4092E-01

~5, J968E400
=], 1879E401
=-1,040TE+D1
2.5978E+00
9. 5326E-01
3,0529E+01
3,5302E+00
=1.0219E+03
4o A205E 401
7. 2585E-01

=-2.8909E +00
3.5302E+00

=-5.0968E+00
=1.187T9E+01
=1,040T7E+0]
2. 49T3E+00
9.5326E-D1
3.0529E+D1
3.5302E+0D
=1.0219E+03
4e3ZOSESO]
7. 2586E=01

-2.8909E+00
3,5302E+00

=5, 0959E+00D
=1.1879E+01
~1.040TE+01
2.69TBE+DO
9.5327E-01
3.0529E+01
3.5302E+00
=1.0219E+03
4. 3205E+01
7. 25856E=-01

=2.8910E+00D
3.5302E+00

-6.6755E~01
=1.57T97E+0C
~1.4034E+0¢
3.9917E~01
1.40926=01
3.5302E+0D0
5.2156E~01
=1.357T6E+]2
5.9101E400
9.7622E=-02

-3.898TE~-D1
5.2156E-01

-6 .6756E=01
=1.579BE+DL
=1.4034E+00
3.9518E~01
1.4092E-01
3.5302E+00
5.21566=-01
-1.3576E+)2
5.9101€400
9.7623E-02

~3.8987E=01
5.2156E=01

~b.6TS6E=D1
=1.5798E+00
=1.4034E+00
3.9918€E-01
1.4092E~01
3,.5302E+400
5.,2156E~01
~1.3576E¢02
5.9101E+00C
9.7623E~-02

=3,8987E=-0D1
S« 2156E=-01

1.8435E+02
4.3765E402
3.8S7€6E+02
~1.121BE+02
=3.,8874E+01
=1.0219E+03
=Ll 35TEE#0D2
S5.6T27E+04
=-8.5985E+02
-2, 1125401

1.0828E#D2
=1.357T6E+Q2

1. 8434E+02
4.,3765E402
3.897€E+Q2
-1.1218€+02
-3 .8874E+01
~1.0219E+03
~1.3576E+02
5.6T2TE+04
=8,5%56E+0D2
=2.T125E+01

1.0828E+02
-1,3576E+02

1+8434E+D2
4.3765EH2
3.89T76E+02
=1.1218E+02
=3 ,8874E+Q1
=-1.0219E+03
«~1.35T6E+(2
5.,6T72TE+D4
-8,5656E+02
2. 71256401

1.0828E+02
=1.35T6E+02

=-8.9078E+00
=2.067TTE+01L
~1.8008E+01
4.T265E+00
L.6784E+00
4.3205E401
5.9101E+00
«8.5955E 02
1.2534E ¢02
1.3332E+00

=S.0027E+00
5.9101E+00

~8,9079E+00
~2.06TTE+01
~1.8B008E+01
4. 7265E400
1.6784E +00
4,3205E+01
5. 9101E ¢00
-8,.5956E4+02
1.2%34E+02
1.3332E+04Q

~5,00Z7E+00
5.9101E+00

=-8.9079E+00
~2,06TTE+01L
=1.8008E+01
4.T265E 400
1.6784E+00
4. 3205E+D1
S.91L01E+(Q0
~8,.5956E+02
1.2534E+02
1.3332E4+00

-5.0027E¢00
5.9101E+00

=1.4255E=01
=3.3280E=01
=-2.9126E=01
7.808BE-02
2.T7581E=-0Q2
T.2585E-01
F.76226=02
=2,7TE25E+01
1.3332E+00
20351 TE=Q2

~8.0912E-02
9. T622E~02

-~1.4269E-01
~3.3281£~01
~2.91246E=-01
T.08088E~02
2.7581E~02
71.2586E~01
F.T623E=02
«2.TL125E+01
1.3332E+00
2.3517E=-02

~8.0913E-02
2.7623E-D02

~1.4269E-01
-3,.3281E=~01
=2,9128E-01
7.8089e-02
2.7581E-02
T.2586E~01
9.7623E-02
~2.T7125€+01
1.3332E+00
2,351 7E~02

-B.0913E~02
9.T623E=-32



LGl

—6.6T356=01 =1.5795E+00 =1,4033f+30

2.9060Z+Q0

3,57922+00

22044 2F 410
~-5,34A45=71
=l.84l55=-01
=5, 09568+ 0
~6 . HTARF=]
C 1.8429%407
~8,905654+00
=1.42655=31

KLy
S5«6TETE=D1

RICCATI
1.5T32E+00 2.0642E+30
T66328+00 4.T7T2BE+0D
4.7T2RE+3T  4.1810E+00
=1a444TE+IC =1 1299E+00
=4.49908-01 -1.9719E-21
=1.187BE+IL —1.0405E+01
=1.5T95E+D0 =1.4033F+A0

4.3758E402 3.AQTI1E+02
~2.0674F+01 ~1.8006E+01
~2a32758=)1 =2.9123E=-01

THE TRANSTENT CONTROL GATN MATRIX

1.3259E+00 1.1415E+00

~646TIAE=D] =1,5T9S5E+30 ~1,4033F+D0 3.9913E~01

2+ G505 1E+00
34579 3F 00
2eNGHAE+]O
=5,34855=01
—-1:8416%=31
=4, 09570 +00
~heHTH 15=01
1. 8430:+02
=8, 20605 +00
-1, 426€E=01

KCy THE TRAMSIENT CONTRAOK GAIN MATRIX

Bs6TI0E~D1
=6.6T415-01

24906 2E+00
3,579 45400
22 044 3E+30
=h. 348 75=01
~ 1. 2417001
~5.09598+0)
=&, RT435-0]
1.04337+072
~B0.3063%+00
=~Ll.425¢E5=71

RICCATI
2404436400
4 . TT 295 +00

4.TT29E4+1D  4.1R11F+DD
=1.444TE+D0 =1,1259E +00
~444991F=]]1 ~3,G719E=01
=1.1BTBE+D] 7 =1.04D5E+01
=1.5795E+00 ~1,4033E+00

4.3TS59E 402 3,8972E+32
=2.06T4E+0] =1 .B0D4E+7)
=3+2276E-01 -2,9123E-01

3.5T93E+20
T.6633E420

1.3259E+00 1. 16156+00
~1.5T95E+10 =1.4033F+50

RICCATI

F«5TTLHE+DD  2.0443E+90
To66I4E+00 4 ,.7730F+D0
4. TT30E400 4. 1BL1E+QD
=1a444TEHD0 <1,1259€+00
=4,499 1E~01 =3.9720E~01
=1.1878BE+0] =1,0406%+0}
=1.5796F 30 ~1.4033E+00
4.37TH0E+32  3.8972E+Q2
=2.06T740+0]1 =1,.8006E+)1
=3.3276E-31 =2.9123E-01

3.9914E-91  1,4091€-01
TIME = (.34000E+01}
SOLUTINN MATRIX
=5+ 3484E-01 =1,8415E~01
~La444TE4D0 ~4 4990F=01
=1.1259E+00 =3.9719E=01
1.0369E400 1.3492F-01
L+34928=01 1.4378F=01
2.6ST5E+20  9,5314F=01
3.9913E=-01 1.4091E=01
=1, 121 6E+02 =3.8869E+)1
44 T259E 400 1.6T7H2E+D0
Te 8OTGE~)2  Z2.TSTTE=-D2
~3.1278E=-01 =1.1034E=01
1.4091E-D1
TIME = 0.32000F+01
SOLUTION MATRIX
~5.3485E-01 ~1.8416E=01

~1.444TE+00
~1.1259E+00
1.03688+00
1.34926-01
2.6975£+00
3.9913E-01
=1.1216E+02
4. 7259 +00
1.8079E~92

-3.1278E=-01

=4 .4991E=-01
=3.9719€=D1
1.3492E-D01
1.4378E-01
9.5315E=-01
1.4091E~01
-3.8870E+01
C1.6THZE+00
2.T5TBE-D2

~1.L034E~OL

3.9913E=-31 1.4091E-01
. TIME = D0,30000E+01
SOLUTIDN MATRI X
~5.348TE=D1 —1.8417E=21
~1.444TE+00 ~4.4992E~0)
=1.1259E+30 -3,9720E~01
1. 03686400 1.3492F-01
1.a3492E=01 1.4378E~01
2,6975E+00 9.5317E~01
3.9913E-31 1.4091E-01
=1,1216E+02 =3,88T0F£+01
4. T259E+00 1.6783E+00
T.8DI9E=02 2.7STAE-N2Z

3. 529TE+00

~5. 0955E +00
-1. LBTBE+OL
=1.0405E+01
24 69TSE+QD
9. 531 4E-01
3.0526E+01
3.5298E+00
~1.021BE+]3
4. 3200E+D1
T« 25TTE=D]

“2+ 8906E+D0
3.5298E+00

=5. 0957E+0D
~1.187BE+31
=1.04035E+0]
2. 6975E+00
9.5315E~01
3.0526E+01
3. 5298E+00
—1.021BE+03
4+ 3200E+01
T« 257T8E=-01

=2.B906E+00

3, 5298E+00

~5. 0955E+00
=1.1B7BE+D]
=1.0406E+01
2+ 69TSE+DQ
9.531TE~01
3.0526E+01
3.529BE+00
~1.021BE+0Q3
4. 320LE+01
T.2579E-01

5.2150E~01

=6.6T3IBE=01
=L S795E+0 T
=1.4G33E+0Q
3.9913E~-01
L.40%1E~-01
3.5298E+00
5.2151E~01
~1.3574F+02
5.9G94E+00
G TELLIE~D2

~3.8983E-01
5.2151E=01

=66 T41E~D]
=~1l.5T95E+00
=1.4033E+3¢
3.9913E=D1
1.4091E-01
3.5298E+00
5.2151E=D1
~1.3575E+02
5.9094E+00
9.7612E=02

~3.8983E-01
5.2151E=01

=6.6T43E~01
=1.5796E+00
=1.4033E+00
3.9913E-01
1.4091E=01
3.529BE#00
5.2152E=-01
~1.3575E+02
5.9095C 400
9. TEL12E=DZ

=1.35T4E+D2

1.84,. "+02
4.3758E+"2
3.8671E+02
=l.1216E+D2
=3.8R€9E+401
=1.0218E+03
~1.35T4E+D2
5.6T723E+D4
=8.5936E+02
-2.1122E+01

1.0826E+D2
=1.3874E+02

1.8430FE+]2
4.3759E+02
A.8972E+Q2
=1l.1216E+02
~3.887DE+D1
=1.0218E+03
=1.3575F+02
5.6723E+04
~8.5G38E+02
=2.T122E+01

L.0826E+02
-1.3575E+02

1.8430E+402
4.3T60E+D2
A.8972E+D2
=~1.1216E+02
=3.8870E+01
-1.00218L+03
=1.3575E402
5.6T23E+04
=8.9%40E+02
=2.1123E+D1

5.9093E+00

=8.9056E+CQ
=2 .0LT4EH]]
~1.8006E +.)1
4,7259E+0Cy
1.6782E+10
443200E+01)
5.90945 +00
=B.5936E+C2
1.2533E+02
1.3230E+20

=5.0021E+0D
5.9094E+00

«“8.9060E+00
=2 DET4E+0]
=1.BO06E+01
4.7 2596 +00
1.67B2E+C0
4.3201E+01
5.9094C +00
=8.5938E+02
1.2533F+02
1l«3230E+C0

=5.0021E+C0
5.9094E +00

=H,9063E+00
=2.06T5E+01
~1.8006E+01
4.T259E+0)
L.6783E+2]
4.3201E+01
5. 909 5E+04Y
=8.5940E+#02
1.2534£+02
1.3331E400

9. 761 0E=02

=l.4265E=01
-3,32T75E=01
~2-9123E~01
ol Tat=g2
2.757TE~D2
Te25TTE=-01
9. 761 1E=D2
2. T122E+01
1.3330E+00
24351 4E=02

-8,0903E=-02
G.T6l iE=-02

=1.4266E=-01
=3,3276E~01
-2.9123E=01
7.8079E=02
2,7578E-02
7.2578E-01
9. TEL2E=02
-2.T122E+01
1.333CE+00
2.3514E~02

=3.,09204E-02
F.TEL2E=D2

~1.4266E=01
~3,3276E=-01
—2.9123E-01
T.8079E=-02
2.7579=02
7,2579E-01
9. TEL4E-Q2
-2.7123E+01
1.3331E+DD
2.3515E-02
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COVAR IANCE MATRICES
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Uy, COMTROL COVARIANCE MATRIX
6. 4973E+00 ~T7.6532E+00
~7.6532E+00 S.0185E+00

XX, STATE COVARIANCE MATRIX
5.6968E¢01 ~5,0000E-02 =38, 1344E+00

-5,0000E=02 B.7344E+00 =-5,.0000E=-02
=8, T34 4FE+00 =-5.,0000E~02 8.3488E+00
4.,91T2E=01 4.1140E#00 1.5482E+Q0
=5, T7T17€=01 T7.3644FE=01 1.11&4E+00
5.,8709%5=02 1.2795E=01 2.6336F-03
=1.2795E~01 =2.6336E~-03 4.8224E~01
1.14036=4 1,9175E=-04 =1.9257E~03
=1,9179E~D4 1.9258E-03 8.T70256-03
=1.9258E=03 =8,70406-03 2.6818E200

YY, OUTPUT COVARIANCE MATRIX

4.9172E=-01
4.1140E+20
1.5482E+00
2.87T66E+00
65.8533E-01
B,4732E=-02
3. 843QE-0Q2
1. 06T9E~04
1. 964 TE=~03
wT,2983E=-03

"1.2545E+01 2.6985F+01 B8.9500E+01
2.49B5E 401 2.2195E+04 &.3889E:02
8.9500E+401 6.38B9E+02 2.38B85E+03
YYEST, ESTIMATEC ODUTPUT COVARIANCE MATRIX
6. 08435400 3.8534E+00 1,.9257E+01
3.8534E+00 1.2939E+04 1.5448E¢02
1.925TE+31  1.5447€+02 1.0810E+03

-5.7F1TE=01
T.3644E~01
1.1164E+00
6.8533E=-01
2.4670TE-01
1.8432E-02
4 .5859E=02

«2+1045E=D5
1.7520E=-03

-5,0305E=-04

175 MEASHREMENT COVARIANCE MATRIX
1.2545€+¢01 2.6985E+01 B,9500E+01 &.854TFE+OD
2.6985E 601 2.2195E+04 6.3B39E+02 —8.8262E400
8.9500E+01 £,.3889E+402 2.38856+03 3.4900E+0L
b5, 854 TE+00 —~8.8262E+400 3.4%00E+01L 7.9914E+00

1ZIEST,
£.0843E200 3,8534E+00C
2.8534E400 1.2939E+04
1.925TE401 1.544TE+02

4. 04038400 ~7.64T7T5E<00

ESTIMATED MEASUREMENT COVARTANCE MATRIX

1.925TE+01  4.0402E+00
1.544 86402 ~T.66T4E+0D0
1.0810E403 1.1154E¢01
la1194E+Q1 3.9359E+00

5.8709E-02
1.2795E-01
2463356E-03
8.4732E=02
1.8432E~02
1.3548E-02
=5, 0000E-02
1.8298E~05
1. 1045E~04
~1.0914E=-03

=1.2T95E~01
-2.6336E~02
4,8224E=01
3.8430E-02
445859E-02
~5.,0000E-02
4,024 1E=01
~1.1046E-04
1.0914E-02
1.3919E~02

1. 1403E-04%
1.9175€E-0%
-1.525TE-03
1.0679E~04
=2.1045E-05
1.8298E-05
wl,1046E=-04
3.0917E~05
=5.0000E-04
~1.3742E-02

=-1.9179E~04
1.9258E-03
8.7025E-03
1.264TE-02
1.7520E=-03
1.1045E-04
1.0914E-03
-~5,0000E-04
1.3742E-02
=5.0000E-24

~1.9258E=-03
~8.T0%0E-03

2.6818E+00
=T.2983E-03
-5, 0205504
=1.0914E~C3

1.3919E-02
-1.3742E-02
=5, 0300E~04

L.2114E%0]



APPENDIX C

TIME AND STORAGE REQUIREMENTS

The computer used for the sample LSOCE problem was the IBM 7090-7094 with DCS
{Direct Couple System), This computer has '7"."000B (3200010) core storage locations with
capabilities of overlay, For the sample problem, no overlay was used. The 10th-order
sample problem described in appendix B used 6'2‘0008 storage and took 1, 756 minutes to |

run,

The following table shows various subroutines and approximate time (in sec) per call

for the sample problem:

Subroutine | Time,
sec/call
ESTMAT 10.0
CONTRL 10.0
RICSS 9.0
CONDI 2.5
REDU .B
SCALE 1.7
EIGQR .9
ORDER .02
EGVCTR 6.5
PRMUTE .02
COVM 4.0
LYPNV 3.5
TRICCS 40. 0
BDSTM . 001

In addition, problems as large as 41st-order have been run on an IBM 360-67 using

~ TSS (Time Sharing System) with good results. The only change was the use of double
.precision instead of single precision throughout the program.
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Figure 1. - Plant, Kalman filter, state-estimate feedback combination.

OBrq
B QUAfﬁ,.f

162

HANT



Solves linear stochastic

optimal control and
_ LS(:CE estimation problem
So'lvrs estimation “Solves quadratic JObtains state- 3:’;::; Egnuea-t‘;:m:? matrix
roblem i i "
p control problem rcowanance matrix estimate or control
ESTMAT CONTRL Covm TRICCS
" uses ARRAY
S?Ives. steady-state matrix Solves Lyapunoy Performs matrix
Riccati equation equation inversion (SSP)
RICSS Performs YPNY
reduction 1 —.

Juses ARRAY ] uses ARRAY IMINY
conditions REDU Solves &t of Obtains state
matrix Performs linear equations :;fﬁ(“:f; mat[ufx )

= CONDI scaling ! (SSP) wolack-diagonal form

- SCALE ‘ -
Hessenberg | (SIMQ BDSTM
transfermation Performs matrix
{S5P) inversion [SSP)
= HSBG —=1 MINV
Obtalns
gigenvalues

=4 EIGOR
Orders
eigenvalues

-t ORDER
Obfains Factors into upper and lower
efgenvectors

4 FACTR | triangular factors (SSP) ,
EGVCTR
[~luses ARRAY )
uses eRmuTe] Perrorms permutation
Performs matrix transformation
inversion (S5P)
MINY

Figure 2. - Flow chart for linear stochastic optimal control and estimation (LSOCE} problem solution,
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